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c^ PREFACE. 



Tms treatise waa commenced to supply a course of Practical 
Chemistry to my own classes. I was encouraged to proceed 
with it by finding that the want of a sufficiently systematic 
and explanatory Laboratory Text-Book was very widely felt. 

It has been my aim throughout to give all necessary 
directions so fully and simply as to reduce to a minimum 
the assistance required from a teacher. The language 
employed has, I trust, been rendered simple and intelligible 
by avoiding the unnecessary use of scientific terms, and 
by explaining or paraphrasing in ordinary words any such 
tenxis when they are introduced for the first time. 

The directions for working, and the descriptions of the 
preparation and use of apparatus, have been given more 
fuUy than is usual; my own experience, confirmed by ♦that 
of other teachers, convinces me that one of the most serious 
hindrances to the utility of many of the smaller Text-Books 
on Practical Chemistry is the conciseness of the language 
employed; on this account it is unintelligible to the student 
unless supplemented by very copious verbal explanation 
from the teacher. 

Whilst making the very desirable amplifications above 
referred to, the book has been kept within small dimen- 
sions, by the omission of all such instruction as does not 
directly bear on the ordinary requirements of the laboratory 
student, and by the insertion of the supplementary or 
merely explanatory portions in smaller type. 
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I have also thought it best to avoid entering into any 
lengthy theoretical explanations. The modem teaching of 
chemistry is in practice very appropriately divided into two 
departments; namely, theoretical instruction imparted by 
classes and lectures, or by the study of text-books of 
theoretical chemistry; and practical experience acquired in 
a chemical laboratory by working according to the direc- 
tions of a practical text-book. Since by this system the 
student has time and opportunity afforded him elsewhere 
for the study of the theoretical and descriptive portions of 
the science, it is unnecessary and undesirable that his 
Practical Text-Book should tempt him to bestow valuable 
time in the laboratory upon the consideration of matters 
which do not directly bear upon his experimental work. 

The analytical reactions and methods have been carefully 
worked through from the text by myself and by the mem- 
bers of my classes : the accuracy and intelligibility of their 
description have thus, I hope, been secured. Only those 
reactions and methods which are commonly employed for 
analytical purposes have been described. In selecting 
analytical methods, I have felt it desirable that those 
chosen should be as simple and easy of execution as 
possible; in some cases, however, methods which are most 
eligible on these grounds have proved on trial to be so 
inferior in accuracy and delicacy, that they have been 
abandoned in favour of others which are recommended by 
their trustworthiness rather than by their simplicity. In 
such cases, however, I have also described the more simple 
methods, since they may be employed in analyses in which 
tninute quantities of substances have not to be tested for. 

I have also felt it advisable to introduce reactions which 
are useful in general analysis rather than those which claim 
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to be merely interesting and instructive: and I have not 
hesitated to adopt methods which are not quantitative, 
if they are easy and accurate for qualitative analysis. 

The book is intended to give a course of instruction 
suited to the general requirements of laboratory students. 
Those who are using it for any special purpose, or who wish 
to prepare themselves for any particular examination, should 
note that the book has been divided into seven sections, the 
contents of which are fully stated on pages ix-xv. The 
first six sections, omitting the fifth, contain a good practical 
course for senior students; this may, however, be somewhat 
modified and amplified to suit junior students, who will 
possibly also substitute the fifth section for the sixth. 

The fifth section has indeed been inserted for the use of 
medical, pharmaceutical^ and engineeriiig students, and for 
those who are preparing for practical examinations in which 
proficiency in the analysis of simple salts only is required of 
the candidate. This is the standard fixed for the more 
elementary examinations conducted by the Universities of 
Oxford, Cambridge, and London. The sixth section sup- 
plies additional details suited for the analytical work of 
advanced students, and will be found sufficient to qualify 
a student for the higher University and the Institute 
of Chemistry examinations in qualitative analytical 
chemistry. 

The seventh section contains suggestions regarding the 
fitting and furnishing of the laboratory, together with full 
lists of all apparatus, reagents, and chemicals required in 
working through the diflerent sections of the book ; there 
is also added a list of general apparatus, with a description 
when necessary of its construction and use. In this section 
there will also be found full and systematic descriptions of 
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the most simple methods for preparing the different solu-* 
tions required in analysis, with a statement of the strength 
most appropriate for each. Experience has proved that 
these are matters which, on the score of economy of time 
and money alone, merit more attention than is usually 
bestowed upon them. This section concludes with tables 
of atomic weights, and of French and English weights 
and measures. 

Symbolic notation has been employed, instead of the 
full chemical names, throughout the sections on analytical 
chemistry: in its most concise form, this chemical shorthand 
conduces so much to brevity in writing down results, that no 
other plea is required for its use. The simple plan of label- 
ling each bottle. in the laboratory with the chemical formula 
as well as the name of its contents, will prevent any per- 
plexity to beginners arising from this general employment 
of chemical formulae. 

The arrangement of all Tables acroBs instead of along 
the pages renders the turning of the book unnecessary, a 
convenience which will be appreciated by all laboratory 
students. The " Tables of Differences," which contain for 
each Analytical Group a summary of the differences of 
behaviour of its members with reagents, will be found suit- 
able for elementary work, and will serve as a key to the 
Analytical Tables. 

It is almost superfluous to mention that free use has been 
made of the standard works on Chemical Analysis ; and a 
great part of my work has consisted in putting their state- 
ments into a systematic and convenient form. My ac- 
knowledgments are also due to many experienced teachers 
who have made valuable suggestions of addition and 
emendation. 
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The present edition contains several emendations and 
additions. The principal of these is an extension of the 
short Appendix containing the reactions of a few important 
organic substances : this will now meet the needs of many 
medical students. I have again to thank the Demonstrator 
of Chemistry in this College — Mr J. B. Coleman, A.R.C.Sc. 
Dublin — for much assistance and many valuable suggestions 
in improving the book ; and to acknowledge his help, to- 
gether with that of my assistant, W. T. Rigby, in further 
improving many of the illustrative figures. 

The book is intended to furnish a course of laboratory 
instruction in practical chemistry, which may precede the 
higher training of the professional and pharmaceutical 
chemist and the medical man, and the more special training 
of the technical chemist and] the chemical engineer. It will 
thus supply a demand which is rapidly increasing, as the 
value of a sound elementary instruction in practical science 
is becoming more widely appreciated, both as a means of 
mental training and as a preparation for a professional 
career, as well as for many branches of manufacturing 
industry and enterprise. 

F. C. 



Univbesity College, Nottingham, 
May 1890. 
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APPARATUS FOR EACH BENCH-LOCKER. 



1 Bunsen's burner with tubing (1). 
1 Test-tube stand, with twelve holes. 
12 Test-tubes. 

1 Test-tube brush (11). 

2 Boiling-tubes. 

2 Round glass plates. 
2 Porcelain dishes. 

2 Watch glasses. 

1 Four-ounce conical flask. 

1 Pestle and mortar. 

1 Iron tripod stand. 

1 Piece of coarse iron wire gauze, or asbestos millboard. 

3 Glass funnels, and some cut filter papers. 
3 Small beakers. 

3 Glass rods. 

1 Piece of platinum foil. 

2 Pieces of platinum wire. 
1 Blowpipe. 

1 Pipe-clay triangle. 

1 Wash-bottle. 

1 Retort stand. 

1 Wooden filter stand. 

1 Pair of brass crucible tongs. 

1 Small horn spatula. 

1 Wicker draining basket. 

A fuller description of this apparatus will be found on page 838. 
Most of the apparatus may be seen on the bench in the Frontispiece 
illustration. 



SECTION I. 



PREPARATION AND USB OP APPARATUS. 



A student who is commencing work in a general laboratory will find 
on the preceding page a list of the apparatus which should be contained 
in his private locker. This apparatus should be looked through, fitted, 
and cleansed, as is directed in this section. 

In the seventh section will be found particulars of other apparatus, 
which may be used by many students in common ; also lists of the 
various reagents, and the methods of preparing them. 

For convenience in reference, paragraph numbers are printed in the 
text in thick numbers, and in square brackets at the top of each page. 



Fig. 1. 



» 



^ 



1. The Bunsen burner (fig. 1) is generally employed in 
the laboratory for heating purposes. It is so constructed 
that coal gas entering near its base is mixed with a proper 
proportion of air before being burnt. The air is drawn in 
through holes at the lower part of the burner, and the 
mixture of gas and air is burnt at the top 
of the upright tube. The oxygen of the 
air, which is thus mixed with the gas, 
bums the carbon in the body of the 
flame. Accordingly the luminosity, 
which depends upon the existence in 
the flame of unbumt carbon or carbon 
compounds, is destroyed. The Bunsen 
flame is therefore mainly useful, because 
it deposits none of these particles in the 
form of soot upon a cool object; but also 
because it is hotter than an ordinary luminous flame. ltd 
high temperature, non-luminosity, and colourless appear- 
ance, also render it very valuable for producing flame 
colorations, as will be seen hereafter. The burner should 
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be provided with some means for partly or entirely closing 
the air-holes when requisite. This is usually effected either 
by turning round a loose perforated ring which is slipped 
over them, or by rotating the upright tube on its long axis. 
When a small flame is being used, the supply of air should 
be partly shut off, else the flame is apt to recede and hum 
below. 

When the burner is to be used, it is connected by means of 
a piece of tightly-fitting india-rubber tubing, about 6-16ths 
of an inch in internal diameter, with the tube which supplies 
gas to the working bench. The tap is then turned on, and 
in a few seconds the gas is lighted. The flame should be 
almost perfectly colourless and give scarcely any light. 

Occasionally the gas will burn below, that is at the 
bottom instead of at the top of the burner. This usually 
happens when the flame is small and the quantity of air 
admitted through the holes is too great. It also occurs when 
the burner is lighted too soon after turning on the gas tap. 
A luminous flame may then be seen through the holes in the 
base of the burner, burning from the small gas jet inside. 
The flame at the top of the burner will also be long and 
somewhat luminous, and will emit a very unpleasant smell, 
which is due to the incomplete combustion of the gas. In 
such a case the flame should be at once extinguished by 
pinching the india-rubber tubing close to the burner ; and 
the gas should be relighted after escaping for a few seconds. 

Prove the above statements by trial. Study also the effect 
of partially or entirely closing the air-holes of the burner. 

For diffusing heat over a large surface the rose-top, 
which is a small perforated metal cap, is placed upon the 
top of the burner. It yields a circle of flames, and thus 
diffuses the heat. The rose-top is put on the burner and 
removed from it by grasping it with the crucible tongs ; it 
is of course very hot after being used, and should never be 
^landled, or placed upon wood or glass, until it is cool. 

For heating large vessels Fletcher^s solid flame burner is 

)st convenient and satisfactory. In its smallest size this 

•ner is also very convenient on the student's working bench. 
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2. The spirit lamp is occasionally employed instead of a 
gas burner ; but for general purposes it should only replace 
these burners where coal gas can- ^m, 2. 

not be obtained. 

The spirit lamp (fig. 2) consists 
of a glass vessel containing methy- 
lated spirit, into which dips a 
cotton wick supported by means 
of a brass or stoneware wick- 
holder. When not in use the 
upper end of the wick should be 
always covered with the glass 
cap to prevent evaporation of the spirit. If the spirit is 
tolerably free from resinous matter, its flame will be non- 
luminous and will deposit no soot upon a cold object. 

3. Glass tube or rod is cut by laying it upon a flat sur- 
face, and making a deep scratch with the edge of a three- 
cornered file at the Fig. 3. 

point to be cut. The 
glass is then held 
with both hands, one 
on each side of the 
scratch and close to 
it, and a gentle pres- 
sure is exerted upon 
the glass as if trying to break it across (fig. 3). If the file 
mark has been made sufficiently deep, the glass will readily 
break at this point. The sharp edges of a freshly cut rod 
or tube should always be at once rounded. This is effected 
by holding them in the Bunsen or blowpipe flame until they 
are partly melted, or by rubbing them with the face of a file. 
Select a length of hard glass tubing, which is about one- 
eighth of an inch in internal diameter. Cut from it one piece 
about ten inches and two pieces about five inches long, and 
carefully round off* their sharp freshly cut edges. Also cut 
off three pieces of glass rod, seven, six, and three inches in 
length. Keep these for future use. 




BENDING GLASS. 
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Fig. 4. 




4. Glass tvbe is bent by holding it in the upper edge of a 
common fish-tail gas flame, so as to heat at least two inches 
of the glass (fig. 4). The tube is supported by both hands, 

one on either side of the flame ; 
and is constantly turned slowly 
round on its axis, so as to heat 
all sides equally. As soon as the 
glass is felt to be soft and pliable, 
it is taken out of the flame and 
quickly bent to the required 
angle. The heated part must not 
be allowed to touch anything until it is cold. The soot is 
then removed from it by a cloth or piece of paper. 

A bend, if properly made, should be a curve and should 
not alter the bore of the tube (fig. 5 a). If a sharp angle 

is made, the bore will 
be narrowed (fig. 5 b), 
and the bend, besides 
being imsightly, will 
be very liable to break 
under a small strain. 
The Bunsen flame 
must never be em- 
ployed for bending 
glass tubing ; it is too 
hot, and melts the glass. Glass rod, however, may be bent 
in the Bunsen or even in the blowpipe flame. 

Bend the longest piece of glass tubing (3) at right 
angles, so that the shorter part is about two inches in 
length. Keep this for future use. 

5. The blowpipe is used for producing a small but very 
hot flame, which can be made to assume any desired 
direction. This is effected by blowing a fine stream of air 
from the mouth through the flame. The blowpipe is held 
in the right hand, with its finely pierced tip resting on the 
edge of the burner, and just inside the flame (fig. 10). The 
mouth-piece is then taken between the lips, and after blow- 
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USB OF THE BLOWPIPE. 



Fig. 6. 



ing out the cheeks to their full extent, the air contained in 
them is forced out through the jet. This produces a small 
pointed conical flame in the direction of the blast. 

The chief difficulty in using the blowpipe properly is 
experienced in maintaining the blast of air uninterrupted 
by the breathing. A little 
patient trial will, however, 
soon remove this difficulty. 
It must be borne in mind that 
the cheeks are to be kept con- 
stantly inflated with air. That 
the air should be forced 
through the blowpipe hy the 
pressure of the cheeks alone 
and not hy the action of the 
hmgs. That breathing is 
carried on meanwhile through 
the nose ; and that the mouth 
is occasionally replenished with 
air from the throat just before 
breathing out through the nose. 

It is frequently necessary 
to have both hands free while using the blowpipe. This 
may be secured by resting the jet on the top of the burner 
and supporting the mouth-piece by the lips alone, as is 
shown in (fig. 6). 

The bright flame obtained by nearly closing the air-holes 
of the burner is much better suited for blowpipe work than 
the ordinary non-luminous flame. A burner with an ellip- 
tical orifice which gives a flat flame is often substituted for 
the ordinary Bunsen burner. This flame may also be ob- 
tained by slipping a brass tube down the burner. 

The student should as soon as possible acquire dexterity 
in the use of the mouth blowpipe, as it serves for many of 
the shorter processes of the chemical laboratory. A Hera- 
path or Fletcher blowpipe, which is fed with air from the 
Fletcher foot-bellows, or from a mechanical or water-blower, 
is, however, very convenient. It is often indispensable 
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for maintaining a high temperature, or for extensive glass- 
working or glass-blowing. 

6. Small ignition tubes, — One of the pieces of hard glass 
tubing, about five inches long (3), is drawn out at its middle 
point by heating it strongly in the blowpipe flame (fig. 6). 
While being heated it is held in both hands, and is con- 
stantly turned round upon its long axis. When well softened 
it is gradually drawn out by pulling its ends in opposite 
directions. The narrowed portion of the tube (fig. 7) is 

Fig. 7. 




ill 



then cut across (3) at its middle point. By heating the 

conical part (a) in the blowpipe flame, the narrow tube may 

Fig. 8. be drawn off*, and a small closed 

i \ "" '^ ^ "s tube is obtained (fig. 8). If the 

closed end is stongly heated in the 
blowpipe flame, and gently blown into while red hot, it 
may be expanded into a small bulb. 

Small test-tubes, three inches long by half an inch in 
diameter, will also serve for ignition tubes. 

7. Mounted platinum wires. — Two pieces of platinum 
wire, each about two inches in length, should be fixed in 
glass handles. They are thus rendered much less likely to 
be lost, and are more easily held. The platinum wire used 
must not persistently colour the flame green. Proceed to 
fix on the handle as follows. 

Draw out the remaining piece of glass tube (3), about five 
inches in length, at its middle point (figs. 6, 7), and cut it 
across at the middle of the narrow portion. Each piece of 
glass thus obtained serves for the handle of a wire. Break 
off* the narrow part of the tube until it extends only about a 
quarter of an inch from the shoulder a (fig. 7). Insert the 
end of the platinum wire into this narrow opening. Then 
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BORING CORKS. 



hold the end of the tube with the wure in the blowpipe 
flame until the glass melts and thickens around it, fixing it 
firmly when cold (fig. 9). The free end of the wire should 

Fig. 9. 



C/ 



then be rolled round a stout wire, so as to shape it into a 
loop about the eighth of an inch across. 



Fig. 10. 



8. Glass stirring-rods, — Remove by a file any small 
projections from the ends of each of the glass - rods, 
already made (3) by cutting some solid glass rod 
into lengths of about 
three, six, and seven 
inches. Both ends of 
each rod are then heated 
to redness in the tip of 
the blowpipe flame; the 
rod being meanwhile con- 
stantly turned round on 
its long axis {^g, 10). 
The sharp edges are thus 
removed. The^end of the 
rod must not be allowed 
to touch anything until 
it is cool. 

Sometimes a very fine 
glass rod is required. This may be obtained by heating a 
part of an ordinary rod in the blowpipe flame until it is 
well softened, and then drawing it out to the requisite fine- 
ness (fig. 6). 

9. A cork may he hored by pushing gradually through it 
a sharply pointed and slender round file, with a constant 
twisting movement. The cork-borer, which is a brass tube 
sharpened at one end, is, however, more commonly used. 
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If the cork is air-tight, fit upon the upper end of the tube 
(a) a piece of india-rubber tubing about an inch in length. 
Into the other end of this rubber tube push a short jet (c), 
made by drawing out a piece of glass tubing in the flame 
(fig. 6). The narrow opening of this jet may be contracted, 
if necessary, by holding it in the flame for a short time. 
The neck of the flask may then be bound round with twine 
like the handle of a cricket bat, or tightly covered with a 
folded strip of flannel. This renders it possible to handle 
the wash-bottle with comfort after water has been boiled in 
it and the neck has become heated by steam. 

The wash-bottle is now filled about two-thirds with dis- 
tilled water, and is ready for use. 

Tap-water should never he kept in the wash-hottle . 

A fine stream of water may be obtained from the jet (c) 
by blowing down the tube (6). This stream serves for 
washing precipitates and for other purposes. If a larger 
stream is required the flask is inverted, when the water will 
flow out from the end of the tube (6), air entering mean> 
while by the tube (a). By blowing down (a) this stream 
can be made to issue with greater force and speed. 

AVhen hot water is required, the wash-bottle is supported 
on a tripod stand upon a piece of coarse iron wire gauze, and 
is heated by the Bunsen flame : or it may be heated by a 
small Fletcher burner. 

11. Cleaning apparatus. — It is indispensable to the sue* 
cess of an analyst that all glass and porcelain apparatus 
should be kept scrupulously clean, and before beginning 
work the student will do well to clean his set of apparatus 
as is directed below. 

Test-tube brush. — This brush is constantly used for 
clcjining glass and porcelain apparatus. The piece of sponge 
ordinarily fastened on the end of the brush (fig. 13 a) does 
not well adapt itself to the bottom of test-tubes and boiling- 
tubes. A much more efficient end is given to the brush by 
•emoving the sponge and bending back the end of the wire 
n sharply upon itself at a point just above where the 
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hairs commence (fig. 13 6). By slightly curving the part 
of the stem carrying hairs, the brush will better adapt itself 
to curved surfaces such as those of porcelain dishes. 

Test-tttbeSj beakers, and porcelain dishes are washed in a 
stream of tap-water, their surface being rubbed 
meanwhile by the test-tube cleaner (fig. 13 b), ^J^- ^^• 
Occasionally, however, the brush fails to 
remove strongly adhering stains. Hot dilute 
hydrochloric acid will remove most such 
stains ; but it is sometimes necessary to heat 
a little strong sulphuric or nitric acid in a 
vessel in order to cleanse it. Hot caustic 
potash or ammonia solution may also often 
be used with advantage to remove grease. 
In fact, when removing a substance from a 
vessel to which it strongly adheres, the student should 
always consider what the substance is, and then remove 
it by a liquid in which it is easily soluble. 

Each article, after having been carefully washed and then 
repeatedly rinsed out with tap-water, should be placed upside 
down in the small wicker basket to drain. If required for 
immediate use, it should be rinsed out with a little distilled 
water. The removal by these means of washing water is 
necessary, because tap-water usually contains dissolved im- 
purities, which might be prejudicial. 

Apparatus should be washed as soon as possible after it 
has been used, since the surface is usually more difficult to 
clean after standing. 

Test-tubes containing liquids are placed in the test-tube 
stand. Boiling-tubes may be supported in the wooden filter 
stand. When test-tubes or boiling-tubes are being washed 
with the test-tube brush, the brush must be cautiously 
moved as it reaches the bottom of the tube, since the glass 
is very thin, and is therefore easily broken by undue pres- 
sure. After being washed they should be placed to drain 
mouth downwards in the wicker basket, which is to be 
considered as the receptacle for all clean glass and porcelain 
vessels. 
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Glass funnels should have their narrow stems cut off to 
within about half an inch from the shoulder (3). The sharp 
outer edge must then be removed by rubbing it with the 
face of a triangular file. The inside of the shortened neck 
can then be easily cleaned by rubbing it with a strip of 
wood ; or a common tobacco-pipe cleaner may be inserted 
from the shoulder of the funnel so as not to cut the hairs. 

Platinum foil and toire are cleansed by boiling them in 
hydrochloric acid and rinsing off the acid with water. The 
wire should then be strongly heated for some time in the 
blowpipe flame, until, when wetted with pure strong hydro- 
chloric acid, and held in the Bunsen flame, it no longer per- 
sistently colours the flame. If the tip of the wire cannot 
be cleansed in this way, it should be cut off. Commercial 
platinum is sometimes alloyed with barium or some other 
metal which colours the flame. Wire made from such 
platinum is useless for flame coloration tests and for 
spectrum analysis. 

Instead of cleaning platinum foil ajid wire immediately 
before use, it is better to keep them in a small beaker 
containing strong hydrochloric acid diluted with sufl&cient 
water to prevent it from fuming. The platinum, when 
removed from the acid and rinsed with water, will then 
usually be sufficiently clean for use. 

Before putting apparatus away it should be made a rule 

to wash all glass and porcelain which is not in actual use, 

and place it in a wicker basket to drain. The basket is 

then put away with its contents. Dirty apparatus should 

never be kept in the basket. All iron apparatus should be 

(fully dried, and must be kept in a dry place to prevent 

^ from rusting. Metal apparatus must never he put into the 

cker draining haskeU 

12. Heating porcelain and glass, — A few general precau- 
' should be observed in heating glass and porcelain 
fl to guard against cracking them. The two following 
ipply to both glass and porcelain alike: — 



12.] HEATING GLASS VESSELS. 13 

A vessel containing a liquid must never be heated by the 
flame above the level of the liquid inside. 

A dry hot vessel must be allowed to cool before pouring 
in any liquid, or placing it on a cold surface. 

Porcelain dishes are generally used for the purpose of 
boiling or evaporating liquids. They are supported on a 
pipe-clay triangle placed upon a tripod or retort stand. 
They may be safely heated by a small naked flame. 

Porcelain crucibles ai'e used for containing solid bodies 
which are to be strongly heated. They are supported in 
the same way as porcelain dishes. The flame should not be 
allowed to play steadily upon the bottom of the crucible so 
as to heat it suddenly; but the burner should be constantly 
moved slightly from side to side until the porcelain is hot. 
The crucible should also be allowed to cool slowly on the 
triangle, as contact with a cold body is very apt to crack it. 
The hot crucible and cover are handled by the crucible 
tongs. 

Glass vessels require to he heated more cautiously than 
those made of porcelain. A large naked flame must never 
be allowed to play for any length of time on one part of the 
glass surface. In heating a test-tube or boiling-tube, this 
local heating is prevented by holding the tube obliquely 
with the lower part in the flame, and either moving it gently 
up and down, or constantly turning it round on its 
axis. 

Ordinary test-tubes are too narrow to hold safely a 
large quantity of a boiling liquid, as the liquid is very apt 
to boil over. Small quantities of liquid may be boiled and 
larger quantities may be heated short of boiling in a test- 
tube; but the broader boiling-tubes are better suited for 
this purpose. Test-tubes, if not full of liquid, can be held 
by the neck while being heated, if the tube be held ob- 
liquely so that the fingers are not over the flame. All risk 
of burning the fingers by steam is avoided by bending 
round the neck of the tube a strip of folded glazed paper, 
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or of leather, and pinching the ends of the strip together, 
close to the tube. 

Glass flasks, such as the wash-bottle, are most safely 
heated by placing them on a piece of wire gauze on a tripod 
stand. In some laboratories a large sand-bath or water- 
bath is available; the flask may then be heated by the 
sand or steam. 



SECTION II 



PREPARATION AND PROPERTIES OP 
CERTAIN GASES AND LIQUIDS. 



In this section full directions are given for the preparation of some 
of the more important gases and for certain instructive experiments' 
which may be made with them. The processes of preparation and 
manipulation required for these gases are more or less typical. The 
student will therefore, from the experience gained by performing these 
experiments, easily prepare and experiment upon other gases from the 
brief directions given here or in any treatise on chemistry. Two 
examples of the process of distillation are also appended. The para- 
graphs in small type may be omitted if time is limited. 

The reference numbers enclosed in brackets refer to the paragraphs ; 
these numbers will be found in thick type in the text and in square 
brackets at the head of each page. 

A full list of the apparatus and chemicals required for this section 
will be found in the seventh section ; and the fitting and use of the 
apparatus has been already explained in paragraphs (1-12). 



The student must carefully read through the whole descriptmi of 
each experiment before beginning to perform it. Immediately after ' 
its successful performance a brief description of it should be entered in 
the note-book. Two students may advantageously, but not necessarily, 
work together through this section. In the subsequent sections, how- 
ever, each student should work independently. 



Oxygen gas. 

13. When iron is exposed for some time to moist air its 
surface becomes covered with rust. Many other metals 
undergo a similar change in moist air, but the alteration 
produced in their appearance is not usually as noticeable 
as in the case of iron. The liquid metal mercury does not 
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or of leather, and pinching the ends of the strip together, 
close to the tube. 

Glass flasks, such as the wash-bottle, are most safely 
heated by placing them on a piece of wire gauze on a tripod 
stand. In some laboratories a large sand-bath or water- 
bath is available; the flask may then be heated by the 
sand or steam. 



SECTION 11. 



PREPARATION AND PROPERTIES OP 
CERTAIN GASES AND LIQUIDS. 



In this section full directions are given for the preparation of some 
of the more important gases and for certain instructive experiments' 
which may be made with them. The processes of preparation and 
manipulation required for these gases are more or less typical. The 
student will therefore, from the experience gained by performing these 
experiments, easily prepare and experiment upon other gases from the 
brief directions given here or in any treatise on chemistry. Two 
examples of the process of distillation are also appended. The para- 
graphs in small type may be omitted if time is limited. 

The reference numbers enclosed in brackets refer to the paragraphs ; 
these numbers will be found in thick type in the text and in square 
brackets at the head of each page. 

A full list of the apparatus and chemicals required for this section 
will be found in the seventh section ; and the fitting and use of the 
apparatus has been already explained in paragraphs (1-12). 



The student must carefully read through the whole deseriptimi of 
each experiment before beginning to perform it. Immediately after ' 
its successful performance a brief description of it should be entered in 
the note-book. Two students may advantageously, but not necessarily, 
work together through this section. In the subsequent sections, how- 
ever, each student should work independently. 



Oxygen gas. 

13. When iron is exposed for some time to moist air its 
surface becomes covered with rust. Many other metals 
undergo a similar change in moist air, but the alteration 
produced in their appearance is not usually as noticeable 
as in the case of iron. The liquid metal mercury does not 
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or of leather, and pinching the ends of the strip together, 
close to the tube. 

Glass flasks, such as the wash-bottle, are most safely 
heated by placing them on a piece of wire gauze on a tripod 
stand. In some laboratories a large sand-bath or water- 
bath is available; the flask may then be heated by the 
sand or steam. 



SECTION 11 



PREPARATION AND PROPERTIES OP 
CERTAIN GASES AND LIQUIDS. 



In this section full directions are given for the preparation of some 
of the more important gases and for certain instructive experiments' 
which may be made with them. The processes of preparation and 
manipulation required for these gases are more or less typical. The 
student will therefore, from the experience gained by performing these 
experiments, easily prepare and experiment upon other gases from the 
brief directions given here or in any treatise on chemistry. Two 
examples of the process of distillation are also appended. The para- 
graphs in small type may be omitted if time is limited. 

The reference numbers enclosed in brackets refer to the paragraphs ; 
these numbers will be found in thick type in the text and in square 
brackets at the head of each page. 

A full list of the apparatus and chemicals required for this section 
will be found in the seventh section ; and the fitting and use of the 
apparatus has been already explained in paragraphs (1-12). 



The student must carefully read through the whole descHptimi of 
each experiment before beginning to perform it. Immediately after ' 
its successful performance a brief description of it should be entered in 
the note-book. Two students may advantageously, but not necessarily, 
work together through this section. In the subsequent sections, how- 
ever, each student should work independently. 



Oxygen gas. 

13. When iron is exposed for some time to moist air its 
surface becomes covered with rust. Many other metals 
undergo a similar change in moist air, but the alteration 
produced in their appearance is not usually as noticeable 
as in the case of iron. The liquid metal mercury does not 
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or of leather, and pinching the ends of the strip together, 
close to the tube. 

Glass flasks, such as the wash-bottle, are most safely 
heated by placing them on a piece of wire gauze on a tripod 
stand. In some laboratories a large sand-bath or water- 
bath is available; the flask may then be heated by the 
sand or steam. 



SECTION IL 



PREPARATION AND PROPERTIES OP 
CERTAIN GASES AND LIQUIDS. 



In this section full directions are given for the preparation of some 
of the more important gases and for certain instructive experiments' 
which may be made with them. The processes of preparation and 
manipulation required for these gases are more or less typical. The 
student will therefore, from the experience gained by performing these 
experiments, easily prepare and experiment upon other gases from the 
brief directions given here or in any treatise on chemistry. Two 
examples of the process of distillation are also appended. The para- 
graphs in small type may be omitted if time is limited. 

The reference numbers enclosed in brackets refer to the paragraphs ; 
these numbers will be found in thick type in the text and in square 
brackets at the head of each page. 

A full list of the apparatus and chemicals required for this section 
will be found in the seventh section ; and the fitting and use of the 
apparatus has been already explained in paragraphs (1-12). 



The student must carefully read through the whole description of 
each experiment before beginning to perform it. Immediately after ' 
its successful performance a brief description of it should be entered in 
the note-book. Two students may advantageously, but not necessarily, 
work together through this section. In the subsequent sections, how- 
ever, each student should work independently. 



Oxygen gas. 

13. When iron is exposed for some time to moist air its 
surface becomes covered with rust. Many other metals 
undergo a similar change in moist air, but the alteration 
produced in their appearance is not usually as noticeable 
as in the case of iron. The liquid metal mercury does not 
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rust as iron does in moist air, but it becomes slowly covered 
with red mercury rust when it is strongly heated for some 
time in a flask open to the air. This mercury rust has 
received the name of mercuric oside. The fact that metals 
become heavier by rusting proves that something is added 
to them during the process. This is confirmed by the 
following experiment. 

Exp. 1. — Place in a small perfectly dry test-tube suffi- 
cient mercuric oside to cover the bottom. Heat the powder 
in the Bunsen flame (1, 12), loosely stopping the end 
of the tube with the thumb, as is shown in (fig. 14). As 
soon as small drops of mercury form on the inside of 

Fio. I*. 




the tube, remove the thumb and quickly insert into the 
tube the burning end of a thin slip of wood. The flame 
^ill bo seen to bum more brightly. 

Heat the powder again for some time in the way juat 

■scribed, and introduce the slip into the mouth of the 

le immediately after' blowing out the flame and while 

e is a spark at its end. The glowing end will be 

ed to burst into flame. This behaviour with a burning 

owing slip of wood is one of the most remarkaUe 
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properties of oxygen gas, and is frequently used as a teat 
for its presence. 

The small globules of mercury may be made to unite into 
larger ones by rubbing the inside of the tube with a glass 
rod. Both the globules of mercury, and any red oxide 
which remains, should be preserved. 

The chemical change which has occurred is thus 
represented by a chemical equation : HgO = Hg + . 

Since heat can separate mercuric oxide into mercury and 
oxygen, the process of rusting evidently consists in the 
metal taking oxygen gas from the air. This accoimts for 
the increase of weight during rusting, which has been 
already referred to. If all metal-rusts could be decomposed 
by heat, oxygen might be obtained from any one of them. 

This method of making oxygen is, however, interesting 
mainly because it was the first means known of preparing 
the gas. It is never used to prepare large quantities of 
oxygen, since other substances are known which contain a 
larger proportion of oxygen, and which give it oflf when 
they are heated more easily, than mercuric oxide does. 
These substances are also preferable on account of their 
greater cheapness. 

Potassium chlorate is usually employed for the pre- 
paration of small quantities of oxygen. If it is heated 
until no more gas is given off, it parts with the whole 
of its oxygen, as is shown by the following equation : 
KC103 = Ka + 03. 

Exp. 2. — Heat a few crystals of potassium chlorate in a 
clean dry test-tube. The white salt, after decrepitating or 
crackling, fuses or melts. When further heated it appears 
to boiL The small bubbles which are given off consist of 
oxygen gas : this may be readily proved by holding in the 
mouth of the test-tube a burning or glowing splinter of wood. 

Potassium chlorate gives off oxygen gas much more 
readily than mercuric oxide does. But if it is mixed with 
small quantities of certain other substances, which them- 
selves appear to undergo no permanent change, its oxygen 

B 
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is driven off by heat with extreme facility. Of these sub- 
stances manganese dioxide, or black oxide of manganese, is 
the one usually chosen. 

Exp. 3. — Powder finely in a mortar sufficient potassiimi 
chlorate to fill a watch glass. Mix with it in the mortar 
about one-fifth as much powdered manganese dioxide. Heat 
a small quantity of this mixture in a test-tube. The 
oxygen can be detected by the spark test as soon as the 
mixture is heated, and a comparatively gentle heat will 
cause the gas to be rapidly evolved. 

In the preceding experiments the oxygen has been detected 
in the tube in which it was prepared, and has been allowed 
to pass away freely into the air. When the gas is to be col- 
lected in a vessel immixed with air, the vessel is first filled 
with water, and the gas is then allowed to displace the water. 
For this purpose the oxygen is made to pass through a bent 
glass delivery-tube, which is fitted by means of a cork into 
the mouth of the test-tube. The end of this tube dips into 
some water ; and the bubbles of gas as they issue are 
allowed to rise into a vessel full of water, which is inverted 
over the end of the delivery-tube. This process of collect- 
ing oxygen is fully described in the following experiment. 

Exp. 4. — Select a sound cork which is somewhat too large 
to fit the mouth of the test-tube to be used. Soften it by 
squeezing, or by rolling it on the floor with gentle pressure 
from the foot It should now fit tightly into the mouth of 
the test-tube. Then bend (4) a piece of hard glass tubing, 
about fourteen inches in length, into the form shown in 
(fig. 15). The bends should be so made, that when the appa- 
ratus is fitted together, the test-tube is at a convenient height 
for being heated by the flame, and the end of the delivery- 
tube dips about an inch under the water contained in a 
strong stoneware pan. Make a hole through the centre of 
the cork (9) of such a size that the glass tube fits tightly 
into it. Then test whether the apparatus is air-tight by 
fitting the glass tube into the cork, and the cork into the 
test-tube, and blowing down the open end of the delivery- 
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tube. No air muat be heard to escape, or must be seen to 
bubble out on moistening the cork. If air does escape, a 
ft^h cork must be taken. 

Now transfer the osygen mixture into the perfectly dry 
teat-tube, either by pouring it off a piece of paper folded 
into a trough, or by scooping it up from the mortar with 
the mouth of the test-tube. Then fit in the cork and 
delivery-tube. 

Before heating the tube, fill the jar, in which the oxygen 
is to be collected, with water. Close its mouth with a 
ground-glass plate. Then invert its mouth in water three 
or four inches in depth contained in a stoneware pan or 
bowl, and carefully remove the glass plate. K this opera- 

FiG. 15. 




tion has been performed with proper care the jar will be 
entirely filled with water, and no air bubble will remain. 

Nest proceed to heat the front part only of the oxygen 
mixture, since the escape of gas from the hinder portion would 
force the mixture out of the tube. The test-tube may be 
either held in the hand or supported by a clamp. The end 
fitted with the delivery-tube should be lower than the other 
end, Bo as to prevent any condensed moisture from trickling 
back upon the heated portion and cracking it. A small 
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flame only should be used, in order to prevent any part of 
the glass from being too suddenly and strongly heated, 
which would be liable to crack or melt it ; the flame should 
also be slowly moved from side to side for the same reason. 

Oxygen gas will soon be evolved, but will not at once 
appear at the end of the delivery-tube, since it has first to 
drive out the air which filled the apparatus. As soon as a 
slip of wood glowing at its end is kindled at the mouth of 
the delivery-tube, the oxygen has driven out the air and is 
beginning to escape. The end of the delivery-tube is then 
at once dipped under water beneath the mouth of the jar, and 
the stream of bubbles rising in it will rapidly displace the 
water. A stoneware beehive shelf will be found convenient 
for supporting the jar: this is shown in (fig. 18). As soon 
as the vessel is full of gas, close its mouth under water with 
the glass plate, and remove it for experiment. The jar may 
also be removed by slipping under its mouth a small dish or 
saucer, the water taken out in the saucer serving to close 
the mouth of the jar. 

Several jars filled with oxygen will be required for the 
following experiments ; or the same vessel may, if necessary, 
be refilled with the gas after the completion of each experi- 
ment. 

If at any time the gas should be given off too rapidly, 
the flame must be removed until the current of gas slackens. 
The hinder portions of the mixture should be heated only 
after the part in front refuses to yield any more gas. When 
the process is to be stopped, the end of the delivery-tube 
must be removed from the water before the gas has ceased 
to bubble out ; and the hot test-tube must not be allowed 
to touch cold or wet objects, which would crack the glass. 

Oxygen gas is remarkable for the energy with which it 
combines with or bums many substances. Three examples 
^f this property are given in the following experiments. 

Exp. 5. — Select a piece of wood charcoal about the size of 

hazel nut. Place this in a metal deflagrating spoon. Then 

just the wire handle in the brass cap, so that when held 
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Fig. 16. 




beside the jar of oxygen with the cap on a level with its 
mouth, the spoon is about an inch from the bottom of the jar 
(fig. 16). Now heat the charcoal in the Bunsen or blowpipe 
flame (5) until a part of its surface glows 
when held in the air, and quickly place 
it in the jar of oxygen with the brass 
plate covering its mouth (fig. 16). The 
charcoal will burn much more brilliantly 
and rapidly than in air, and will convert 
the oxygen into carbon dioxide gas : 
C + 02 = C02. When the combustion 
ceases, pour into the jar some clear lime 
water from a small beaker or test-tube. 
Then quickly close the jar and shake the 
liquid inside it. The clear liquid will 
become milky. This indicates the pres- 
ence of carbon dioxide gas, as will be 
hereafter explained. 

Exp. 6. — Kemove the charcoal from 
the deflagrating spoon, and replace it 
by a piece of sulphur as large as a pea. Heat the spoon 
in the flame imtil the sulphur melts and begins to bum 
with a pale blue almost invisible flame. Then place the 
spoon in a fresh jar of oxygen. The sulphur will at once 
bum with a much brighter flame converting the oxygen into 
sulphur dioxide gas: S-f 02 = 802- The presence of this 
gas is proved by its suffocating smelL On pouring a little 
water into the jar and shaking it round, sulphurous acid is 
formed. This may be recognised by dropping into the 
water a piece of blue litmus paper, which is immediately 
reddened; also by pouring in a few drops of red potassium 
dichromate solution, the colour of which changes to green. 

Exp. 7. — Bum away from the deflagrating spoon any re- 
maining sulphur ; and put into it when cold a small piece of 
carefully dried phosphorus not larger than half a pea. The 
phosphorus may be cut with a knife. It must be touched 
only with the brass tongs or with wet fingers, and should be 
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handled as little as possible, since it is liable to catch fire 
by the heat of the hand. It should always be kept under 
water, and should be dried only immediately before being 
used by pressing it between filter-paper or blotting-paper or 
with a dry cloth. Set fire to the phosphorus by holding 
the spoon in the flame and notice how it bums in the air. 
Then place the spoon in a jar of oxygen. The phosphorus 
will bum most brilliantly, producing a white substance 
called phosphoric oxide: P2 + 05 = P205. When the phos- 
phorus has ceased to bum, pour in a little water and shake 
it round in the jar. The white substance will dissolve, 
yielding phosphoric acid: P205 + 3H20 = 2H3P04. The 
water may now be proved to contain the acid by dropping 
into it a piece of blue litmus paper, which will be im- 
mediately reddened. 

Tests for oxygen, — Oxygen is conveniently tested for by 
introducing into the gas a slip of wood with a spark at the 
end ; the spark is caused to burst into flame. One other 
gas possesses this property, but it is readily distinguished 
from oxygen by other means. This test only detects oxygen 
when its proportion in a mixture is large. 

Another test for uncombined oxygen in gaseous mixtures 
depends upon its power of colouring nitric oxide gas reddish- 
brown (Exp. 24). This is a most characteristic and trust- 
worthy test. 

Nitrogen gas. 

14. Atmospheric air has been shown to contain oxygen, 
but experiment proves that its main constituent is another 
gas called nitrogen. To obtain this gas, phosphorus may be 
burnt in air inclosed over water. The phosphoric oxide thus 
formed is allowed to settle down and dissolve in the water. 
The nitrogen which remains will then be found to amount to 
four-fifths of the air employed, and to have the property of 
jxtinguishing a flame. 

Exp. 8. — Float a small piece of well-dried phosphorus in 
ittle dry porcelain dish upon some water in a pan. Then 
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place at) open bell jar as a cover over the floating dish, with 
its mouth immersed in the wat«r and resting on two strips 
of sheet lead laid upon the bottom of the pan. Kindle the 
phosphorus by touching it with the end of a long piece of 
wire, or of a glass rod, which has been hoat«d in the Same. 
Immediately insert the cork or stopper, and hold down the 
FiQ. 17. 




jarjjuntil it stands steadily. When the phosphorus has 
united with all the oxygen of the enclosed air, it ceases to 
bum ; and as the remwning gas, expanded by heat, cools, 
the water rises in the bell jar and fills one-flfth of the 
space previously occupied by the air. 

Test for nitrogen. — Water should then be poured into the 
pan until the level inside and outside the bell jar is the 
same. The cork or stopper is now removed and a burning 
taper or strip of wood is introduced, the flame will be at 
once extinguished by the nitrogeu. 



Hydrogbn OiS. 
15, Water consists of oxygen combined with another gas 
called hydrogen. Several processes are known for preparing 
hydrogen from water. This gas is, however, most readily ob- 
tained from certain acids by the action of metals upon tiiem. 
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Exp. 9. — Fit a two-necked WoulfFe'a bottle with per- 
forat«<I coika, one bearing a thiBtle-funnel whose end 
reaches nearly to the bottom of the bottle, and the other a 
bent tube terminating just below the cork (fig. 18). Then 
adapt a bent delivery-tube by means of a short piece of 
tightly-fitting indiarrubber tubing. A wide-necked bottle, 
fitted aa is shown in fig. 31 (p. 28), may be used instead of 
the Woulffe's bottle. Put into the bottle sufficient granu- 
lated zinc to cover the bottom and replace the cork. Then 
ascertain that the apparatus is air-tight by closing the end 
of the delivery-tube and blowing down the thistie-funnel. 
Pour water in through the funnel until the zinc and the end 
of the funnel-tube are covered, and add pure strong hydro- 




chloric acid gradually. Hydrogen will be seen rising from 
the zmc in numerous small bubbles : Zu + 2HC1 = H^ -1- ZnClj. 
Dip the end of the delivery-tube under water contained in 
a pan, and allow the gas to bubble out through the water 
for at least five minutes. This delay in collecting the gas 
is necessary in order to give the hydrogen time to remove 
the air which filled the bottle, since a mixture of air n-itb 
hydrogen is explosive when kindled. The purity of the 
escaping gas may be tested as follows. Invert a test-tnbe 
filled with water over the end of the delivery-tube. Close 
the test-tube with the thumb when it is full of gas ; remove 
it from the wat«r, and hold its open mouth to a fiame. If 
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the gas bums with a slight explosion, the tube is again 
filled with the gas and the experiment is repeated. As 
soon as the gas bums quietly with a pale flame, a small 
thick-glass cylinder may be filled with hydrogen in the 
same way as was directed for oxygen. The jar is then removed 
from the water, and the gas which it contains is kindled. 

During the further preparation of gas for the following 
experiments, it will be found occasionally necessary to pour 
in a little strong acid through the funnel-tube when the 
evolution of hydrogen becomes too slow. 

Exp. 10. — Hold another jar of hydrogen for a short time 
with its mouth open and directed upwards, the gas will 
entirely escape. The absence of the gas may be shown by 
holding a lighted taper in the vessel, when no hydrogen 
flame will be seen. If the cylinder be once more filled with 
hydrogen and held for a short time with its mouth down- 
wards, the hydrogen will remain in it and will bum with a 
pale flame when a lighted taper is introduced. Note, how- 
ever, that the gas bums in this case with a slight report: 
this is due to admixture of air having occurred by spon- 
taneous diffusion. Since hydrogen cannot escape down- 
wards, while it readily escapes upwards, it is proved to be 
lighter than air. 

Advantage is often taken of the lightness of hydrogen, to 
make it replace air instead of water, in the vessel in which 
it is to be collected. For this purpose a straight delivery- 
tube from the hydrogen apparatus is passed up to the top 
of an inverted jar; the hydrogen then gradually pushes 
down the heavier air and fills the jar. 

EIxp. 11. — Fill a jar with hydrogen by displacement by 
quickly replacing the bent tube in the cork by a straight 
one eight or nine inches in length (fig. 19). When a brisk 
effervescence of gas has been caused by pouring in some 
strong hydrochloric acid, pass this tube up to the top of an 
inverted jar ; and allow the jar to remain in this position 
for several minutes. The mouth of the jar may be loosely 
closed during this process by a piece of perforated metal or 
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Exp. 9. — Fit a two-necked Woiilffe'a bottle with per- 
forated corks, one bearing a thistle-funnel whose end 
reaches nearly to the bottom of the bottle, and the other a 
bent tube terminating just below the cork (fig. 18). Then 
adapt a bent delivery-tube by means of a short piece of 
tightly-fitting india-rubber tubing. A wide-necked bottle, 
fitted as is shown in fig. 21 (p. 28), may be used instead of 
the Woulffe'a bottle. Put into the bottle sufficient granu- 
lated zinc to cover the bottom and replace the cork. Then 
ascertain that the apparatus is air-tight by closing the end 
of the delivery-tube and blowing down the thistle-funnel. 
Pour water in through the funnel until the zinc and the end 
of the funnel-tube are covered, and add pure atroug hydro- 

FiG. 18 




chloric acid gradually. Hydrogen will be seen rising from 
the zinc in numerous small bubbles : Zn -I- 2HC1 = H^ -t- ZnCl^. 
Dip the end of the delivery-tube under water contajued in 
a pan, and allow the gas to bubble out through the water 
for at least five minutes. This delay in collecting the gas 
is necessary in order to give the hydrogen time to remove 
the air which filled the bottle, since a mixture of air with 
hydrogen is explosive when kindled. The purity of the 
escaping gas may be tested as follows. Invert a t«st-tnbe 
filled with water over the end of the delivery-tube. Close 
the test-tube with the thumb when it is (hll of gas ; remove 
it from the water, and hold its open mouth to a flame. If 
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the gas bums with a slight explosion, the tube is again 
filled with the gas and the experiment is repeated. As 
soon as the gas bums quietly with a pale flame, a small 
thick-glass cylinder may be filled with hydrogen in the 
same way as was directed for oxygen. The jar is then removed 
from the water, and the gas which it contains is kindled. 

During the further preparation of gas for the following 
experiments, it will be found occasionally necessary to pour 
in a little strong acid through the funnel-tube when the 
evolution of hydrogen becomes too slow. 

Exp. 10. — Hold another jar of hydrogen for a short time 
with its mouth open and directed upwards, the gas will 
entirely escape. The absence of the gas may be shown by 
holding a lighted taper in the vessel, when no hydrogen 
flame will be seen. If the cylinder be once more filled with 
hydrogen and held for a short time with its mouth down- 
wards, the hydrogen will remain in it and will bum with a 
pale flame when a lighted taper is introduced. Note, how- 
ever, that the gas bums in this case wnth a slight report: 
this is due to admixture of air having occurred by spon- 
taneous diffusion. Since hydrogen cannot escape down- 
wards, while it readily escapes upwards, it is proved to be 
lighter than air. 

Advantage is often taken of the lightness of hydrogen, to 
make it replace air instead of water, in the vessel in which 
it is to be collected. For this purpose a straight delivery- 
tube from the hydrogen apparatus is passed up to the top 
of an inverted jar; the hydrogen then gradually pushes 
down the heavier air and fills the jar. 

Exp. 11. — Fill a jar with hydrogen by displacement by 
quickly replacing the bent tube in the cork by a straight 
one eight or nine inches in length (fig. 19). When a brisk 
effervescence of gas has been caused by pouring in some 
strong hydrochloric acid, pass this tube up to the top of an 
inverted jar ; and allow the jar to remain in this position 
for several minutes. The mouth of the jar may be loosely 
closed during this process by a piece of perforated metal or 



24 PREPAEATION OF HYDROGEN. [l5. 

ExF. 9. — Fit a two-necked WoulfFe's bottle with per- 
forated corks, oue bearing a tluBtle-funnel whose end 
reaches nearly to the bottom of the bottle, and the other a 
bont tube terminating just bolow the cork (fig. 18). Then 
adapt a bent delivery-tube by means of a short piece of 
tightly-fitting india-rubber tubing. A wide-necked bottle, 
fitted as is shown in fig. 21 (p. 28), may be used instead of 
the Woulffe's bottle. Put into the t>ottle sufficient granu- 
lated zinc to cover the bottom and replace the cork. Then 
ascertain that the apparatus is air-tight by closing the end 
of the delivery-tube and blowing down the thistle-funnel. 
Pour water in through the funnel until the zinc and the end 
of the funnel-tube are covered, and add pure strong hydro- 




chloric acid gradually. Hydrogen will be seen rising from 
the zinc in numerous smaU bubbles: Zn -I- 2HCI = H^ -(- ZnClj. 
Dip the end of the delivery-tube under water contained in 
a pan, and allow the gas to bubble out through the water 
for at least five minutes. This delay in collecting the gas 
is necessary in order to give the hydrogen time to remove 
the air which filled the bottle, since a mixture of air with 
hydrogen is explosive when kindled. The purity of the 
escaping gas may be tested as follows. Invert a test-tube 
".lied with water over the end of the delivery-tube. Close 
Ke test-tube with the thumb when it is full of gas ; remove 
"■■ from the water, and hold its open mouth to a flame. If 
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the gas bums with a slight explosion, the tube is again 
filled with the gas and the experiment is repeated. As 
soon as the gas bums quietly with a pale flame, a small 
thick-glass cylinder may be filled with hydrogen in the 
same way as was directed for oxygen. The jar is then removed 
from the water, and the gas which it contains is kindled. 

During the further preparation of gas for the following 
experiments, it will be found occasionally necessary to pour 
in a little strong acid through the funnel-tube when the 
evolution of hydrogen becomes too slow. 

Exp. 10. — Hold another jar of hydrogen for a short time 
with its mouth open and directed upwards, the gas will 
entirely escape. The absence of the gas may be shown by 
holding a lighted taper in the vessel, when no hydrogen 
flame will be seen. If the cylinder be once more filled with 
hydrogen and held for a short time with its mouth down- 
wards, the hydrogen will remain in it and will bum with a 
pale flame when a lighted taper is introduced. Note, how- 
ever, that the gas burns in this case with a slight report: 
this is due to admixture of air having occurred by spon- 
taneous difftbsion. Since hydrogen cannot escape down- 
wards, while it readily escapes upwards, it is proved to be 
lighter than air. 

Advantage is often taken of the lightness of hydrogen, to 
make it replace air instead of water, in the vessel in which 
it is to be collected. For this purpose a straight delivery- 
tube from the hydrogen apparatus is passed up to the top 
of an inverted jar; the hydrogen then gradually pushes 
down the heavier air and fills the jar. 

Exp. 11. — Fill a jar with hydrogen by displacement by 
quickly replacing the bent tube in the cork by a straight 
one eight or nine inches in length (fig. 19). When a brisk 
effervescence of gas has been caused by pouring in some 
strong hydrochloric acid, pass this tube up to the top of an 
inverted jar ; and allow the jar to remain in this position 
for several minutes. The mouth of the jar may be loosely 
closed during this process by a piece of perforated metal or 
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cardboard, which rests upon a small piece of india-rubber 
tubing pushed on to the delivery-tube. This will hinder 



Fig. 19. 




the spontaneous mixture 
with the air, or diffusion, 
which occurs when the 
hydrogen is in contact 
with the air. 

Kemove this jar, keep- 
ing it inverted, and push 
up inside it a burning 
wax taper five or six 
inches in length. The 
hydrogen will be lighted 
and wiU bum with a 
pale flame at the mouth 
of the jar, but the flame 
of the taper will be seen to be extinguished by the gas. The 
taper may, however, be rekindled by holding it in the 
hydrogen flame burning at the mouth of the jar. 

Exp. 12. — Cover the bottle and funnel-tube with a cloth 
to prevent accident in case of an explosion, and light the 
hydrogen at the end of the delivery-tube used in the last 
experiment. Hold over the flame a tumbler or beaker, 
which is perfectly clean, dry, and cool. The inside will 
become dimmed with moisture, showing that hydrogen gas 

when burning in the air is uniting 
with oxygen and producing water: 
H2-i-0 = H20. 

In order to make the above 
result conclusive the hydrogen 
should be dried before it is burnt, 
since a gas which has been in con- 
tact with water always contains 
more or less vapour of water. 
The gas may be dried or desiccated 
ag it through some substance which readily absorbs 
ire, such as strong sulphuric acid or calcium chloride. 



Fig. 20. 
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A straight tube containing fragments of calcium chloride (fig. 
20 a), or a U-tube filled with pieces of pumice-stone mois- 
tened with strong sulphuric acid (6), may be connected with 
the hydrogen apparatus for the purpose of drying the gas. 

Exp. 13. — Fill a short thick-glass cylinder with water, 
then invert it in a pan of water. Displace two-thirds of the 
water in the cylinder with hydrogen (Exp. 9), and the 
remainder with oxygen (13, Exp. 4). Let the jar stand 
with its mouth under water for five or six minutes to allow 
the gases to mix. Then raise the inverted jar and apply a 
lighted taper : the gases will combine to form water with a 
loud explosion. 

Test for hydrogen, — Hydrogen gas is recognised by burn- 
ing with a pale flame in air or oxygen, the flame of the dried 
gas depositing water on any cold object held above it. It 
also explodes with formation of moisture, when it is mixed 
with oxygen or with air, and fired. 



Carbon dioxide, or Carbonic anhydride gas. 

16. This gas was formerly called carbonic acid, a name 
which is incorrect since all acids contain hydrogen. 

When carbon was burned in oxygen (13, Exp. 5) carbon 
■dioxide gas remained in the jar. The gas is much more 
easily obtained by pouring hydrochloric acid upon some 
pieces of marble : 

CaCOg + 2HC1 = CO2 + HgO -^ CaClg . 

Chalk or limestone may be substituted for marble, but they 
are apt to froth and give off the gas too rapidly. 

Exp. 14. — Einse out the apparatus used for preparing 
hydrogen, and place in it some small pieces of marble. Fit 
into the india-rubber joint a delivery-tube bent at right 
angles (4), as is shown in (fig. 21). Then pour through the 
funnel-tube sufficient water to cover the marble and the end 
of the funnel-tube, and add strong commercial hydrochloric 
add until the gas comes off with brisk effervescence. Place 
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the delivery-tube in a jar with its end nearly touching the 
bottom, and allow the gas to pass into the jar for eeveraj 
minutes. 

It is well to cover the mouth of the jar with a small disc 
Fio. 21. **^ cardboard, which has had a slit or 

hole cut in it for the delivery-tube, so 
as to hinder diffusion. 

Carbon dioxide, being much heavier 
than air, will soon fill the jar by dis- 
placement ; that is to say, the gas con- 
stantly supplied to the lower part of the 
jar will remain there, and, as it accumu- 
lates, will gradually lift out the air. 
, Since the gas has the property of 
estinguiahing a flame, it is easy to 
ascertain when the jar is full, by holding a lighted taper 
just inside its mouth: if the fiame is extinguished, the 
carbon dioxide has reached the top. 

Carbon dioxide is largely dissolved by water ; hence the 
process of collecting it by displacement is preferred to col- 
lection over water. 

Exp, 15. — Allow ajar of carbon dioxide to stand uncovered 
and with its mouth upwards for a few minutes. Then place 
in the jar a burning taper : the carbon dioxide is proved to 
be still present in the vessel by the immediate extinction of 
tlie flame. Now hold the jar for several minutes with its 
mouth downwards ; on testing with a lighted taper, only air 
will be found in the vessel. 

These experiments prove that carbon dioxide is heavier 
than air, since it remains in a vessel which is open above, 
and falls out of one which is open below. 

Kxr. 16.— -As this gas is so much heavier than air, it can 
»e poured like water into a vessel full of air. A jar full of 
bon dioxide is gradually tilted a little beyond the hori- 
□tal position (fig. 22), with its mouth over that of a small 
ker. After holding the jar in this position for a short 
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time, it may be shown by means of a lighted taper that the 
gas has left the jar and is present in the beaker. 

Exp. 17. — Pour some lime water from a test-tube or small 
beaker into ajar of carbon dioxide, „ 2o 

and shake the liquid round in the 
jar : the lime water will at once 
become milky. The lime, which 
was dissolved in the water and 
was therefore invisible, has been 
converted by the carbon dioxide 
into chalk or calcium carbonate; and this, being an in- 
soluble substance, remains mixed as a white powder or 
precipitate with the water : CaHgOg + COg = CaCOg + HgO. 

Carbon dioxide gas readily dissolves in cold water, 
forming a liquid which probably contains carbonic acid : 
COg + HgO = HgCOg. This may be proved as follows. 

Exp. 18. — Carbon dioxide is made to displace the air 
from a jar previously half filled with cold water. The 
mouth of the jar is then tightly closed with the wetted 
palm of the hand, and the gas and water are shaken 
together vigorously for a short time. The mouth of the 
jar will now firmly adhere to the hand, owing to the 
reduction of the internal pressure caused by the absorption 
of the gas. 

A further proof is afforded by dipping the end of the 
delivery-tube (fig. 21) to the bottom of a small beaker con- 
temning water, so as to cause the gas to bubble through the 
liquid. After the bubbles have passed for several minutes, 
a few drops of the water may be poured into a test-tube 
containing lime water; the lime water will immediately 
become milky. 

On dropping into another part of the carbonic acid solu- 
tion a little blue litmus solution, or a piece of blue litmus 
paper, the litmus will become red, indicating the presence 
of an acid. Preserve this liquid. 

If the liquid containing carbonic acid be tasted it will 
be found to possess a taste resembling that of soda water. 
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In fact, soda water is merely water which contains a large 
quantity of carbonic acid, as may be proved by testing it 
with lime water and with litmus. 

Exp. 19. — Heat some of the water containing carbonic 
acid in a test-tube until it boils. Bubbles of gas will rise in 
the water as soon as heat is applied, and after the liquid has 
been boiled briskly for several minutes, it may be proved to 
be free from carbonic acid by testing it with lime water and 
with litmus. The reddened litmus in the carbonic acid 
solution put by from a previous test will also become blue 
when it is boiled. 

These experiments prove that carbon dioxide may be 
completely expelled from water by boiling the liquid for 
some time. 

Exp. 20. — Dilute some lime water in a small beaker with 
an equal quantity of distilled water, and allow carbon 
dioxide gas to bubble through it. A milkiness will be pro- 
duced at first owing to the formation of calcium carbonate ; 
but if the gas is allowed to pass for several minutes through 
the liquid, the milkiness will gradually disappear, showing 
that calcium carbonate is soluble in carbonic acid. 

On boiling some of this clear liquid, however, for several 
minutes, the carbonic acid will be destroyed, as has been 
already shown. The Hquid, therefore, will become milky 
again, because the chalk can no longer remain dissolved. On 
pouring out the water, part of the calcium carbonate will 
remain adhering to the inside of the tube; it may be readily 
removed by rinsing the tube with a little hydrochloric acid. 

The above experiment explains the origin of the coating 
or incrustation inside kettles and steam boilers, in which 
hard chalk water has been boiled. Such water contains 
chalk dissolved by carbonic acid; this acid is removed when 
the water is boiled, and a great part of the chalk is de- 
posited upon the inside of the vessel. 

Tests for carbon dioxide, — The presence of carbon dioxide 
4;as may be detected by its power of extinguishing a bum- 
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ing taper, and of turning lime water milky. The latter test 
diatiDguishes it irom nitrogen. These tests may now be 
employed to prove that carbon dioxide is evolved from the 
tangs dui-ing the process of respiration, and also that it is 
produced by an ordinary flame. 

Exp. 21. — Invert a jar full of water in a pan of water 
and blow the breath into it through a glass tube, one end 
of which is dipped beneath the mouth of the jar. In 
order to obtain air /rwra the lungi a full breath should 
be taken in, and the greater part having been espelled so 
as to replace the air contained in the windpipe and mouth 
by air from the lungs, the remainder of the breath is 
allowed to bubble up into the jar. Close the jar, remove 
it &om the pan, and introduce into it a lighted taper, the 
flame will be immediately extinguished. 

Fill another jar in the same way and shake up lime water 
in it. Also blow the last part of the breath through a glass 
tube into lime water contained in a smaJl beaker. The lime 
water will become milky in each case. 

Exp. 23. — Light a small piece ol 
upon a deflagrating spoon, and place 
it in a bottle of air the mouth of 
which is closed by the brass plate 
{fig. 23). After burning for a short 
time the flame will be extinguished, 
and if relighted it will be again ex- 
tinguished when placed in the jar. 
This is due to the production of 
carbon dioxide, and to the reduction 
of the amount of free oxygen in the 
air. Now pour in some lime water 
from a small beaker and shake it 
round in the bottle, the Uquid will . 
become milky. A similar experi- . 
ment may be performed by invert- 
ing the bottle over a small gas Qame, and closing 'the 
mouth of the bottle with a glass plate aa soon as the flame 
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is extinguished. The milkiness produced by shaking lime 
water in the bottle will prove the production of carbon 
dioxide by the combustion of coal-gas. 

Hence carbon dioxide gas is constantly being introduced 
into the atmosphere by respiration and by combustion, and 
we should therefore expect to be able to detect its presence 
in air by the above tests. It is not ordinarily present in 
sufl&cient quantity to extinguish a burning taper ; but the 
presence of carbon dioxide in air may be shown by lime 
water in the following way. 

Exp. 23. — Pour some clear lime water into a watch glass 
or clock glass, and allow it to stand for a few minutes in 
the air. A film of calciimi carbonate will gradually form on 
the surface, yielding white flakes when the water is stirred. 



Nitric oxide gas. 

17, — ^This gas may be prepared in the apparatus already used for 
making carbon dioxide. The pieces of marble are removed and the 
apparatus is washed out. Some copper clippings or turnings are then 
placed in the bottle, and water is poured in until the end of the 
funnel-tube is covered. Strong commercial nitric acid is then added 
gradually, until a reddish-brown gas appears inside the bottle. This 
gas is allowed to bubble off for a time through water ; it may then be 
collected over water as was directed for hydrogen gas: 8CU+8HNO3 
= 2N0 + 3Cu(N03)2 + 4H2O . 

Test for nitric oxide, — Nitric oxide is colourless, but it is converted 
into reddish-brown nitrogen tetroxide when it is mixed with free 
oxygen. 

Exp. 24. — Prove this by filling a jar with nitric oxide gas over 
water, and then either passing oxygen up into it, or allowing it to 
stand with its mouth open in the air. The entrance of the oxygen or 
air at once produces a reddish-brown colour. 

The appearance of coloured gas in the preparation vessel is now 
explained. The bottle was at first filled with air, and the first portions 
of the nitric oxide gas therefore mingled with free oxygen as soon as 
they were produced. 

Ozone oas. 

18. Oxygen is converted by electricity, and during certain processes 
chemical oxidation, into a gas known as ozone. This gas has a 
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pecnli&r smell, and possesses other properties wbich distiugniBh it 
from oxygen. Since, however, it can be both niaile from oxygen, and 
reconrerted into oxygen, without any change of weight occurring, 
OTone is only altered or aUolrojiic oiygfii. 

Test for osmf. — O^one can separate iodine Troni potaseium iodide. 
This serveu to distinguish it from oxygen. 

Exp. 25.— 5tira little starcb powderwith some cold water, and pour 
this grsdually into water which is boiling briskly in a small porcelain 
dish. Coo! this starch solution, and mix a few drops of pota8iivim 
iodide solution with psrtof it in a little porcelain diah. Moisten with 
this liquid a strip of Biter paper. The ]nper ivill serve to detect 
ozone ; since the separation of iodine 
wiU strike an intense bine colour '^' ' 

with the starch. 

Slip off the rohber joint and bent 
deliTery-tnbe iioai the bottle used 
for preparing nitric oxide. Fit upon 
the tnbe either a test-tube with a 
hole in its bottom, or a small talK 
(Gg. 24), by means of a perforated 
cork. Place in this tube a stick of 
phoBphoms, about an inch in length. 
Then pour water slowly in at the 
funnel tube so as to expel air from 
the bottle orer the phosphorus. The 
cacspingair will be found to have the peculiar smell of ozone, and to 
stuD the above test-paper blue when sltowed to impinge against it. 
The oxygen of the air has become partly converted into oione by the 
phosphorus. 



Htdroobs sulphide oas. 

iSa. This gas, often called snlphnretted hydrogen, may be pre|>ared 
and collected by downward displacement in the same way as carbon 
dioxide gas. Some small pieces of ferrous sulphide, however, take 
the place of the marble : ^e3^-9HC! = HJS■^FeCli. Thegaaiavery 
poisonous, and has a foul smell, and must therefore be ]>rcpared in the 
draught-closet. It is explosive when mixed with air, The student 
may collect the gas from the general apparatus (&34) instead of using 
a spedsl one. 

Tata for hydrogen ™/?j7iirfc.— Moisten a piece ot filter paper with lead 
acetate solution: on exposuroto the gas the paper becomes dark brown. 

Bnm the gas in a glass cylinder and note the deposition of yellow 
■nlphuT on the inside of the glass. At once close the cylinder with ■ 
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glass plate, aad sbeike water faintly coloured with potassium dicliromate 
solution round inside it. The colour of the liquid changes to green, 
showing sulphur dioxide to be present. 



Ammonia oas. 

19. The pungency of oommoa smelling salts is due to the 
ammonia gas which is constantly being given off from solid 
carbonate of ammonia. 

The gas is evolved much more rapidly if either carbonate 
of ammonia or sal ammoniac is mixed with lime, and the 
mixture ia then gently heated. 

Exp. 26.— Powder a little ammonium chloride or sal 
ammoniac in a mortar, and mix with it about an equal 
quantity of slaked lime in fine powder ; the ammonia gas 
escaping from the mixture will be readily smelt : 

2NHjCl + CaHjOj = SNHj + CaCl^ + 2H2O. 

Exp. 27. — Pour Liquor ammoniae fortiisima into a email 
„ ^ „^ flaek (fig. 25) until it is 

about one -quarter filled. 
Close the neck of the flask 
with a tightly-fitting ^per- 
forated cork, into which a 
straight piece of glass tube 
eight or nine inches long 
has been fitted. Then 
heat the flask gently by 
a small fiame upon a piece 
of wire gauze on a tripod , 
stand. Ammonia gas will 
soon be smelt issuing from 
end of the tube. 
Since it is much lighter 
' than air and very soluble 
I water, ammonia should 
! collected by dii-ect displacement of air in a perfectly dry 
r. The jar is conveniently supported by passing it 
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through the ring of a retort stand, its mouth resting on a 
cardboard disc, which is itself supported on a ring of india- 
rubber tubing slipped upon the delivery-tube. To ascertain 
when the vessel is filled with the gas, it is only necessary to 
hold at the mouth of the jar a piece of red litmus or yellow 
turmeric paper. If the ammonia has filled the jar, it will 
change the colour of the litmus to blue and that of the 
turmeric to reddish-brown. 

Ammonia gas does not bum continuously in cold air, but 
it bums readily in strongly heated air or in oxygen gas. 

Exp. 28. — Show this by holding the end of the delivery- 
tube, from which a stream of the gas is issuing, in the top 
of a Bunsen flame. A pale yellowish-green flame of burning 
ammonia will be seen. If the ammonia is kindled as the 
end of the tube is passed into a jar of oxygen, the anmionia 
will also continue to bum. 

Ammonia is extremely soluble in water, and must therefore 
be collected either by displacement or over mercury. For 
this reason the inside of a vessel in which ammonia is to be 
collected should always be perfectly dry to prevent absorp- 
tion of the gas. 

Exp. 29. — Place a jar full of ammonia mouth downwards 
in a vessel of water, and gently shake the jar so as to agitate 
the water at its mouth. The liquid will rapidly absorb 
the gas and rise in the jar until it fills the space formerly 
occupied by the ammonia. A small space, however, fre- 
quently remains filled with air which was present in the 
ammonia. 

Exp. 30. — Pour a little water rapidly from a small beaker 
into a jar of anmionia gas, and at once cover the jar with 
a glass plate or with the hand. Then shake the water in 
the jar. The water, when poured out, wiU be foimd to have 
acquired the pungent smell and the action upon litmus and 
turmeric papers which characterise the gas. 

This liquid is in fact weak liqtuyr ammoniae, a solution 
which is prepared commercially in large quantities by passing 
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Fig. 26. 



ammonia gas for some time into cold water. This solution 
slowly gives off a portion of the gas it contains at ordinary 
temperatures, and furnishes ammonia gas readily when 
deated, as has been already proved. If ammonia solution 
is boiled for some time, the gas is almost completely expelled 
from it. 

Exp. 31. — Pour into a glass jar a little strong hydro- 
chloric acid ; close the mouth with a glass plate, and shake 
the acid about inside the jar. Hydrochloric acid gas will 
thus be liberated ; the liquid may then be allowed to run 

out by slipping aside the glass plate 
for a moment. Place this jar in an 
inverted position over another con- 
taining ammonia gas and covered 
with a glass plate (fig. 26 a). Then 
withdraw the glass plates, so that 
the mouths of the jars are in con- 
tact (6) and the hydrochloric acid 
and ammonia gases can freely inter- 
mingle. Dense opaque white fiimes 
of solid anunonium chloride will im- 
mediately be formed : NHg + HCl = 
NH4CI . 

These fumes may also be ob- 
tained by dipping a glass rod or a 
strip of filter paper into some strong 
hydrochloric acid, and holding it 
either in the ammonia gas as it issues from the delivery- 
tube of the apparatus (fig. 25), or in a jar previously filled 
with the gas. 

Tests for ammonia gas, — Ammonia gas may be readily re- 
cognised by its pungent smell ; by turning moistened red 
litmus paper blue and moistened turmeric paper reddish- 
brown ; also by giving opaque white fumes when in contact 
with any surface moistened with strong hydrochloric acid. 
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Carbon monoxide gas. 

20. This gas is produced when carbon dioxide is passed 
over red-hot charcoal : C02 + C = 2CO. It is often formed 
in this way in open grates, and is seen burning with its 
characteristic blue flame. 

Carbon monoxide is extremely poisonous. 

A mixture of carbon monoxide with an equal measure of 
carbon dioxide may be cheaply prepared by heating crystals 
of 'Oxalic acid with strong sulphuric acid : 

. H2C2O4.2H2O + H2SO4 = CO + CO2 + H2SO4. 3H2O . 

Exp. 32. — Pour upon some oxalic acid crystals in a test- 
tube about twice as much strong sulphuric acid, and heat 
the mixture.* In a short time effervescence will be noticed, 
showing that gas is being evolved. Hold in the mouth of 
the tube a glass rod freshly dipped into lime water ; the 
drop of lime water hanging upon its end will become milky, 
proving that carbon dioxide is present. Hold a burning 
taper to the mouth of the test-tube, a blue flame will be 
produced by the carbon monoxide gas burning in the air. 

In order to free the carbon monoxide from carbon dioxide 
the mixture of the gases is washed with solution of caustic 
soda, or is passed over pieces of solid caustic soda or soda 
lime. The caustic soda absorbs the carbon dioxide readily,, 
but allows the carbon monoxide to pass on : 

CO + CO2 + 2NaH0 = CO + Na2C03 + H2O. 

Exp. 33. — Heat a mixture of oxalic acid crystals and 
strong sulphuric acid in a flask fitted as is shown in 

* Strong sulphnric acid is a very corrosive liquid, and great care 
must be taken not to get any upon the skin, the clothes, or the work- 
ing bench. Should this or any other acid get upon the skin or the 
bench, it must be at (nice washed ofif. If it should be spilt upon the 
clothes, the part must be immediately wetted with ammonia solution. 

If a dilute acid has remained for some time on the clothes it will 
produce a red stain. This may be removed by ammonia solution, unless 
it has been caused by nitric acid. 
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(fig. 27). Be careful to remove the flame and then moderate 
the heat as soon ae effervescence commences, else the acid 
will froth over. Pass the gases which are evolved, tlirough 
a wash-bottle containing caustic soda solution, or through a 
tube (o) or a U-tube (5) shown in (fig. 20), which is filled 

Fio. 27, 




with fragments of soda lime, or with fragments of pumice- 
stone or broken tobacco-pipe stem moistened with strong 
caustic soda solution. If the carbon dioxide is t« be com- 
pletely removed, the gases must be passed through two or 
more such tubes or bottles. 

The carbon monoxide gas may be collected over water. 
It will be found to give no milkiness when it is shaken with 
lime water, unless the stream of gas has been so rapid that 
the caustic soda has not been able to absorb the carbon 
dioxide completely. 

By heating a formats with strong sulphuric add, carbon 
monoxide alone is given ofil Carbon monoxide is thus 
readily obtained free from carbon dioxide : 

NaHCO^ + HjSO, = CO + NaHSO^.HgO . 

Carbon monoxide resembles hydrogen in being inflam- 
.ble and in extinguishing flames. It also explodes when it 
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is mixed with certain proportions of oxygen or air and 
kindled. Hence, before collecting this gas in a cylinder, it 
should be proved to be free from air by filling a small test- 
tube and seeing that it bums quietly when kindled. 

Exp. 34. — Push a burning taper up into a jar filled with 
carbon monoxide. The gas will bum with a blue flame at 
the mouth of the jar, but the taper will be extinguished. 
As soon as the gas has ceased to bum inside the cylinder, 
pour in a little lime water and shake it about. The liquid 
will become milky, showing that by the combustion of car- 
bon monoxide in the oxygen of the air carbon dioxide gas is 
produced: C0-|-0 = C02. 

Test for carbon monoodde, — Carbon monoxide is recognised 
by burning with a pale blue flame in the air, and producing 
carbon dioxide which renders lime water milky. 



Chlorine gas. 

21. This gas may be made in the apparatus employed for the 
preparation of carbon monoxide (fig. 27). The washing-bottle may 
either be dispensed with, or it may be partly filled with water to free 
the chlorine from hydrochloric acid gas. 

Exp. 85. — Place some small pieces of manganese dioxide in the flask. 
Pour in strong hydrochloric acid mixed with about one-third its 
measure of water ; and heat the mixture gently in a draught-cupboard 
or in the open air. A greenish-yellow gas will be evolved, which may 
be collected by displacement, since it is much heavier than air : 

MnOa + 4HC1 = Q\ + MnClg + 2HaO . 

This gas has a very destructive action on the lungs, and must on no 
account be inhaled in any quantity. 

Tests for chloriTie. — Chlorine is usually recognised by its yellowish- 
green colour, its peculiar smell, and by its property of bleaching moist 
vegetable colours. This last property is shown by placing in a jar of 
the gas a piece of moistened litmus paper, or of Turkey-red fabric 
dyed with madder. The colour will be destroyed. 

A burning wax-taper plunged into a jar of chlorine continues to 
bum with a very smoky flame, A strip of filter paper wetted with 
hot turpentine catches fire spontaneously in chlorine, and gives rise 
to dense smoke. A^ piece of dutch-foil or copper-leaf also burns when 
dropped into chlorine. 



40 PREPARATION OF SULPHUR DIOXIDE. [22-23a. 

Hydrogen chloride, or Hydrochloric acid gas. 

22. Exp. 36. — Place in the flask which was used for the preparation of 
carbon monoxide (fig. 27) several lumps of rock salt (sodium chloride). 
Pour in some strong sulphuric acid and heat gently. Hydrochloric 
acid gas will be evolved : NaCl + K^SO^ = HCl -I- NaHS04. This gas is 
heavier than air, and should be collected by displacement in the same 
way as carbon dioxide, since it dissolves easily in water giving liquid 
hydrochloric acid. 

Tests for hydrochloric acid. — This gas is recognised by its pungent 
smell, by fuming in the air, by turning moistened blue litmus paper red, 
and by giving opaque white fumes with ammonia gas or strong ammonia 
solution. It will also render milky a drop of silver nitrate solution, 
which has been acidified with nitric acid and introduced into the gas 
on the end of a glass rod. 



Sulphurous oxide, or Sulphur dioxide. 

23. This gas has been already made by burning sulphur in oxygen. 
Prepare it also as is directed below. 

Exp. 37.— Put scraps of copper into the flask (fig. 27), then pour in 
strong commercial sulphuric acid and heat. Sulphurous oxide is evolved 
when the acid nearly boils: Cu + 2H2S04=S02 + CuS04 + 2H20. 

The gas may be cooled and washed by passing it through a little 
water. It is then collected by displacement, since it is much heavier 
than air and is extremely soluble in water. 

Tests for sulphur dioxide — Show by introducing a burning taper 
into this gas that it is incombustible and extinguishes flame. Note 
its pungent suflbcating smell. Pour into a jar of the gas some dilute 
solution of potassium dichromate and shake it round ; also hang paper 
moistened with the dichromate solution in the jar; the reddish colour 
is rapidly changed to gi*een. Prove also that the gas is freely soluble 
in water, and that its solution is an acid. 



Nitrogen monoxide, or Nitrous oxide. 

23a. Exr. 38. — This gas may be made by heating solid ammonium 
nitrate : NH4N03=N20 + 2H20. The flask (fig. 27) should be closed 
by a singly perforated cork bearing a delivery- tube bent twice at right 
angles. The washing-bottle is replaced by a similar flask closed by a 
doubly perforated cork ; the tubes pass just through this cork, and the 
flask is weighted by pouring shot into it, so that it may be sunk into a 
pan of cold water : it serves to condense the steam which escapes with 
the gas and to cool the gas. Nitrogen monoxide is much heavier than 
air and may be collected by displacement. 

Tests for nitrous oxide. — This gas has a sweet taste. It kindles a 
•nark on a splinter of wood, but differs from oxygen by causing Ae flame 
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to bum with a greenish halo around it, and by giving no red fumes 
with nitric oxide. 

Ethene gas, or Ethylene. 

2Sb. This gas may be prepared in the apparatus shown in (fig. 27, 
p. 38). The flask should, however, be round and not conical in 
shape, and not less than fourteen ounces in capacity, as the mixture is 
liable to froth. A mixture of one volume of alcohol (sp. gi*. 0'83) with 
five volumes of strong suljihuric acid is made by shaking the liquids 
together in the generating flask. This mixturo must not be more than 
half an inch in depth in the flask. A solution of sodium hydrate 
may be placed in the two-necked washing-bottle ; this will serve to 
absorb sulphur dioxide which escapes during the i)reparation. The 
mixture in the generating flask is heated carefully with constant watch- 
ing, since it is apt to froth: C2HgO + H2S04=C2H4 + H2S04.H20. 
Ethene gas when mixed with air burns explosively, and care must 
therefore be taken to expel the air from the preparation vessels com- 
pletely before collecting and burning ?iny quantit)' of the gas. Fill 
two cylinders with the gas. 

Tests /o7' etlierw. — Burn ethene and note its very luminous flame. 
Also note that the sides of the jar become dimmed with moisture 
formed by its combustion. Close the jar with a glass plate directly 
the combustion is ended, and shake up the products of combustion 
with lime water. The milkiness of the lime water will prove that 
carbon dioxide is a second product of combustion of ethene. 

Open the second jar containing ethene for a moment and pour into 
it a little bromine water. On shaking this up with the gas the colour 
of the bromine will disappear, since Br forms a colourless compound 
with ethene. This is a characteristic property of ethene and of cer- 
tain allied gases. 

Methane gas. 

23c. This gas may be prepared by heating a mixture of dried sodium 
acetate and soda lime : NaC2H302 + NaOH = CH4 + "NsuflO^ . Crystal- 
Used sodium acetate is heated in a shallow iron sand-bath over the 
flame until it no longer gives off" steam, and sets on cooling into a white 
mass. One part of this is finely powdered with four parts of dry soda 
lime. The mixture is then heated in an apparatus such as that shown 
in fig. 15 (p. 19), substituting a hard-glass tube for the test-tube, 
which would soften by the heat requisite for the above decomposition. 
After the air has been expelled from the apparatus, fill two cylinders 
with methane. 

Tests for nicthane. — Repeat the tests described under ethene. The 
flame of burning methane will be found to be less luminous than that 
of ethene, but will yield the same products. Bromine will not com- 
bine with methane and lose its colour. 
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Detection of gases. 

24. By utilising certain properties of the gases already described, 
these gases may usually be easily detected when occurring alone or in a 
state of mixture. 

The most useful properties, which will serve as tests for the presence 
of each gas, are the following : — 

Oxygen: kindles glowing splinter, and gives reddish-brown gas with 

nitric oxide. 
Hydrogen: burns with a non-luminous flame which deposits moisture, 

and forms no carbon dioxide. 
Nitrogen: is incombustible, extinguishes a flame, and gives no result 

with lime water or with any other tests mentioned here. 
NUric oxide: is colourless, but becomes reddish-brown when mixed 

with air or with oxygen. 
Hydrogen chloride: fumes in the air; gives dense white fumes with 

ammonia gas; dissolves in water, the solution reddening blue 

litmus, and giving a white curdy precipitate when mixed with 

silver nitrate solution. 
Amtnonia: pungent smell; gives dense white fumes with hydrogen 

chloride gas ; dissolves in water, the solution turning red litmus 

blue and turmeric brown. 
Sulphur dioxide: pungent smell; dissolves in water, the solution 

turning blue litmus red, and changing the colour of a drop of 

I)otassium chromate solution to green. 
Hydrogen sulphide: foul smell; bums with a blue flame, yielding 

water and sulphur dioxide; dissolves in water, the solution 

blackening a drop of lead acetate solution. 
Chlorine: peculiar smell ; a taper flame burns in it with red light and 

smoky flame; dissolves in water, the solution bleaching litmus , 

and yielding white precipitate with a drop of silver nitrate 

solution. 
Carbon dioxide: extinguishes flame; is incombustible; dissolves in 

water, its solution making lime water milky. 
Carbon monoxide: burns with blue flame, forming no water; after its 

combustion COg is found by shaking the product with lime water. 
MethaTie: bums with slightly luminous flame, producing water and 

carbon dioxide ; does not decolorise bromine water. 
JEthene: bums with very luminous, and even smoky, flame, producing 

water and carbon dioxide ; decolorises bromine water. 

When examining a mixture of gases it should be remembered that 

those which act chemically upon one another cannot be simultaneously 

present. Such mutually exclusive pairs of gases are: and NO; 

TCI and NH3; NH3 and SOo ; SO^ and H2S ; CI and HgS ; H and CI 

daylight. 
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In testiug Tor the constituectB of a mixture, brief exposure to ur would 
detect NO ; ahakiog the mixture with water and examination of separate 
portiona of the Bolution would detect HCl, NH„ SOj, H^, CI, COj ; 
applicaUon of a flame would detect O, H, N, H,S, CO, CHj and C,H,. 
Special confirmatoiy teats can be applied when necessary. 



DI8TIIJJTIOS. 
25. This process serves to separate liquids, which boil at 
a comparatively low temperature, either from solids, or from 
other liquids which are only converted into vapour at a 
much higher temperature. It consists in boiling the liquid 
and cooling or condensii^ its vapour into a liquid termed 
the distillate,- the non-volatile solid or liquid substances are 
thus left behind in the vessel in which the hquid is boiled. 
The purification of common spring water from the solid 
substances dissolved in it, and the preparation of nitric acid, 
will serve as examples of this process. 

Exp. 39. — Distillation of wafer. — Pour tap water into a 
clean retort (fig. 28) through a funnel placed in the mouth 




or in the tubulure, until the bulb of the retort is half full. 
Support the retort on the ring of a retort-stand or upon a 
tripod-stand, with its neck sloping downwards. Push the 
neck into a small clean flask, which is partly immersed in 
cold wat«r contained in a pan or bowl. On carefully boil- 
ing the water in the retort, steam will pass into the flask 
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and will be there condensed to distilled water. The first 
portion of the distillate should be shaken roimd in the flask 
and thrown away, as it is apt to have been rendered impure 
by rinsing the neck of the retort and the flask. 

While this process of distillation is going on, add to some 
tap water in a test-tube several drops of nitric acid and of 
silver nitrate solution, and notice that the water becomes 
milky. This result shows the presence of a chloride in the 
water. 

A separate portion of tap water in another test-tube will 
also be found to become milky on the addition of some 
ammonia and ammonium oxalate solution. The dissolved 
lime or calcium salts jiroduce this turbidity. 

The presence of a sulpJiate may be proved by the tur- 
bidity caused on adding to another portion of tap water a 
few drops of hydrochloric acid and of barium chloride solu- 
tion. 

If the distilled water from the flask be examined by the 
same tests it will remain clear; showing that the above 
solid substances have been removed by distillation. 

Show also the precipitation of soap by the undistilled 
water. For this purpose dissolve a small shaving of ordi- 
nary soap by warming it in a little distilled water. Add a 
few drops of this soap solution to some tap water which half 
fills a test-tube ; close the mouth of the test-tube with the 
thumb, and shake the water well : no lather will form, but 
the water will appear more or less turbid owing to the sepa- 
ration of the soap. Kepeat this experiment, substituting an 
equal quantity of distilled water for the tap water, and add- 
ing soap solution to it in the same quantity as before : in 
this case a lather will form on shaking the water, and the 
liquid will not become turbid. 

Tests for distilled tvater, — Distilled water should remain 

perfectly clear when to separate portions of it are added 

solutions of ammonium oxalate, silver nitrate, barium chlo- 

'de, and ammonium sulphide respectively. These tests 
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prove the absence of calcium salts, chlorides, sulphates, and 
of lead and iron salts. Distilled water should leave no resi- 
due when it is evaporated to dryness. 

Exp. 40. — Pteparation of nitric add, — Cleanse the retort 
from the last experiment by shaking round in the bulb a 
little dilute hydrochloric acid, and thoroughly rinsing it 
out with water. Let it drain for a few minutes, and then 
pour in some solid nitre or potassium nitrate. Add to this, 
through a funnel placed in the neck or tubulure, a quantity 
of strong sulphuric acid about equal in weight to the nitre 
used ; and in case a non-tubulated retort is employed, allow 
the acid to drain oiF the neck by supporting it for some 
time in an upright position. Proceed to distil just as in 
the preceding experiment. A yellow oily liquid will trickle 
down the neck of the retort into the flask. This liquid is 
somewhat impure nitric acid : 

KNO3 + H2SO4 = HNO3 + KHSO, . 

The liquid remaining in the retort should be:poured out 
as soon as it is cold ; the retort is then rinsed with water. 

Test for nitric acid, — The strong acid emits pungent 
fumes. Pour a little of this acid upon some small pieces of 
copper in a test-tube ; a reddish-brown gas will appear in 
the tube either at once or on gently warming. An explana- 
tion of this result is given under nitric oxide on page 32. 
This property of giving red gas when treated with cOpper is 
often used as a test for nitric acid. 



SECTIOI^ III 



ANALYTICAL OPERATIONS. 



In all analytical work the water used must be distilled vxUer, and 
this only should be kept in the wash-bottle. 



Before commencing the analytical reactions, the student 
should become familiar with the operations which are con- 
stantly employed in chemical analysis. The processes will 
be easily understood by reading through the following 
descriptions and performing the experiments given in 
illustration of them. 



Solution. 

26. Many solid substances, when they are stirred or 
shaken with water, gradually dissolve in that liquid. Salt 
and alum may be mentioned as examples. Other liquids 
may be employed instead of water ; and if they cause solid 
substances immersed in them to become partially or entirely 
liquid and to mingle uniformly with the liquid, they are 
said to dissolve the solids. The liquid thus obtained is 
called a solution of the solid, and the liquid which dissolves 
the solid is termed the solvent. Further, a solid which 
dissolves in a liquid is said to be soluble in that liquid ; if it 
does not dissolve it is said to be insoluble. Thus water when 
shaken with sodium chloride or common salt dissolves it, 
yielding solution of sodium chloride; water is therefore 
called a solvent for sodium chloride, and this salt is said to 
be soluble in water. 

The process of solution is most rapid when the solid sub- 
stance in the state of powder is stirred in the liquid, since 
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the largest possible surface of the substance is thus exposed 
to the solvent. Solution is also much hastened by heating 
the solvent, since this causes a more rapid circulation of the 
liquid over the solid, and usually increases the solubility of 
the substance. 

Two kinds of solution may be distinguished. 

Simple solution occiu^ when a substance dissolves in a 
liquid without alteration in composition. The solution, 
therefore, possesses the taste, colour, and other general 
properties of the solid. It also yields the solid substance 
again when the solvent is removed by evaporation. Solu- 
tion of sodium chloride in water is an example of a simple 
solution. 

Chemical solution^ on the other hand, is always attended 
by a chemical change in the substance to be dissolved. The 
solution therefore contains a substance dififering in composi- 
tion from the undissolved solid, and on removing the solvent 
by evaporation the original substance is not obtained. 

Exp. 41. — Place a piece of potassium nitrate in a small 
clean beaker. Partly fill the beaker with w^ater and stir 
the solid about with a glass rod ; the potassium nitrate will 
slowly dissolve in the water. If the liquid be heated by 
placing the beaker on wire gauze over a small flame, the 
solution will be much more rapidly effected. 

Powder another piece of potassium nitrate by crushing it 
in a mortar, and then rubbing it round with the pestle. 
Place this powder in a beaker, pour in water, and heat the 
bottom of the beaker. The potassium nitrate will dissolve 
much more rapidly than before, showing that solution is 
accelerated by powdering the solid and by employing heat. 
Keep these solutions. ■; 

Exp. 42. — Powder a little copper sulphate in a mortar, 
and transfer it to a small porcelain dish. Half fill the dish 
with water, and heat it with a small flame upon a pipe-clay 
triangle placed on a tripod or retort stand. The blue copper 
sulphate dissolves yielding a blue solution. Keep this 
solution. 
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These experiments are examples of simple solution. The 
first shows that a colourless solid gives a colourless solu- 
tion, and the second that a coloured solid gives a coloured 
solution. This is generally true, and hence the presence or 
absence of a coloured substance in a solution can often be 
inferred by merely noting the colour of the liquid. 

Moreover, if a drop of the potassium nitrate solution be 
tasted, it will be found to possess the same taste as the 
solid. When examining simple solutions^ the colour is 
usually noted, and the taste is occasionally tried with 
proper precautions. 

Exp, 43. — Place in a test-tube a small piece of marble or 
calcium carbonate, pour upon it a little water and heat the 
tube. The calcium carbonate will be found to be insoluble 
in water. Add to the water some hydrochloric acid : effer- 
vescence, or escape of numerous small bubbles of gas, will 
occur. The piece of calcium carbonate will meanwhile 
slowly diminish in size, and will at last entirely disappear 
in the liquid if sufficient acid is added. 

Exp. 44. — Place in a test-tube a small piece of copper. 
On warming this with a little water it remains undissolved. 
But on adding to the water some nitric acid and heating, 
the copper slowly dissolves, giving off red gas. The metal 
may be entirely dissolved if sufficient nitric acid is em- 
ployed. 

These are two examples of chemical solution. The 
calcium carbonate is changed by the hydrochloric acid into 
calcium chloride, and this substance, not tlie calcium car- 
bonate, remains in solution. The copper is changed into 
copper nitrate, which is then dissolved by the water* It 
will be noticed that in each of these cases a gas is given off. 
This is a very usual, but not a universal, effect of chemical 
solution. The distinguishing fact is that the solid substance 
has undergone a chemical change in the act of passing into 
solution. 
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Evaporation. 

27. When it is wished to obtain a substance, which is 
dissolved in a liquid, in the solid condition, the liquid is 
boiled away as vapour or evaporated. The solid substance 
is then left behind in the vessel. 

Exp. 45. — Pour the potassium nitrate solution from (Exp. 
41) into a porcelain evaporating basin, and heat it over the 
Bunsen flame until the water has been nearly boiled away. 
Then make the flame smaller, and continue heating until the 
water has disappeared. The solid potassium nitrate will be 
left in the dish. 

In evaporating a solution, a small flame should always be 
used towards the end of the process. To prevent the sub- 
stance from spirting out of the dish, the flame should be 
moved about, or the dish may be covered with a round filter 
paper. 

Often only a part of the liquid is evaporated for the 
purpose of concentrating the solution or removing a portion 
of the solvent. A hot solution, when sufficiently concen- 
trated, will frequently deposit crystals of the dissolved sub- 
stance if it is allowed to cool. 

Exp. 46. — Concentrate the copper sulphate solution made 
in (Exp. 42) and allow the liquid to cool. If sufficient water 
has been evaporated, crystals will form. Keep the copper 
sulphate in the dish. 



Precipitation. 

28. Two perfectly clear and transparent solutions, on 
being mixed together, often become more or less turbid or 
opaque, owing to particles of a solid substance being formed 
in the liquid. A solid substance thus produced is called a 
precipitate, 

Exp. 47. — Pour into a test-tube some barium chloride 
solution; then add ammonium carbonate solution, A white 

D 
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precipitate of barium carbonate will form. Keep this test- 
tube with the precipitate. 

In this instance barium chloride and ammonium carbonate 
separately dissolve easily in water. But if their solutions 
are mixed they yield by a chemical change two different 
substances, ammonium chloride and barium carbonate. The 
former of these dissolves in water; but the latter is insoluble, 
and therefore remains as a fine powder in the liquid. 

A substance is frequently removed from solution by caus- 
ing it to form an insoluble compound or precipitate. The 
substances which are added for the purpose are termed 
reagents : they are commonly liquids. 

In producing a precipitate, care must be taken that the 
two solutions are well mixed. Mixture may be efifected by 
closing the mouth of the test-tube with the thumb and 
several times inverting it. If the liquid is hot or corrosive 
and must not be allowed to touch the skin, the liquids may 
be mixed by warming the bottom of the test-tube in the 
flame, by stirring the liquid with a glass rod, or by pouring 
it from one vessel to another. 

A precipitate is often caused to appear more rapidly by 
thoroughly mixing or agitating the liquid, or by warming it. 

Precipitates differ much in appearance and properties. 
They are therefore frequently produced by the addition of 
suitable reagents in order to show the presence of a 
substance, or to separate one substance from another. 

The appearance of a precipitate is usually described by 
its colour and its condition. It is flocctdent, if it forms in 
flock-like masses; crystalline, if it consists of small particles 
which are seen to be crystals under a lens or microscope ; 
gelatinous, if jelly-like. A slight precipitate causes only a 
turbidity in a liquid. 

The colour of a precipitate or liquid is often falsified by 
gaslight. If the colour is to be seen at night, it shopld be 

amined with the light produced by the electric arc or by 
3ce of burning magnesium ribbon. 

)ccasionally solid substances are used to produce pre- 
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cipitates. Thus a metal is not unfrequendy precipitated ^ from 
the solution of its salt by the immersion in it of another metal. 

Exp. 48. — Dip a clean penknife blade into some of the 
copper sulphate solution left from (Btp. 46), to which a 
few drops of sulphuric acid have been added. After a short 
time the metal copper is precipitated from its solution and 
covers the iron as a red film. 



Filtration. 

29. This process serves to separate a precipitate from a 
liquid in which it is suspended. 

The liquid containing the precipitate is poured upon 
porous paper. The liquid itself runs through the pores of the 
paper, but the solid particles of the precipitate are retained 
upon the surface of the paper. The paper employed is called 
fUter-paper. The liquid which runs through is termed the 
yUtrate, A filtrate may frequently be coloured by some sub- 
stance dissolved in it, but it must always be perfectly free 
from turbidity caused by solid particles suspended in it. 

Exp. 49. — ^Measure a glass funnel along its sloping side 
from shoulder to rim (fig. 29). Select a circular 
filter paper, the radius of which is somewhat ^^' 
less than this in length : fold it across, then 
again at right angles, and open it out into the 
little conical bag (c?, fig. 30). 

If ready cut filters are not at hand, cut a 
square piece of filter paper whose edge is rather 
less than double the length of the side of the funnel. Fold 
it over along the dotted line (a, fig. 30) ; then again along 
the dotted line (6). This gives a square (c) which at one 
angle has four free comers ; these Are removed by cutting 
with a pair of scissors along the curved dotted line shown in 
(c). The filter is now made and only requires to be opened. 
By separating the curved edges so that they form a circle, 
three remaining on one side of the circle and one on the 
other, a little closed pointed paper bag is formed {d). 
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A filter of the same shape may be made from half an 
ordinary circular paper by folding this into a quadrant, 
doubling over the radial edges several times, and pressing 
them down sharply with the finger nail. This dispenses 
with the unused half of the filter, and renders filtration 
more rapid. 

Fig. 30. 




The folded filter is gently pressed with dry fingen into 
the dry funnel, and the folding is altered if necessary until 
the paper fits the glass closely. It is then moistened all 
over with water from the wash-bottle and is ready for use. 
This preliminary moistening of the filter paper must not be 
neglected; since if the liquid and precipitate are poured 
upon a dry filter, some particles of the precipitate may get 
between the fibres of the paper; the paper then shrinks 
when wetted, retains the solid particles, and the pores of 
the filter become choked. 

The funnel may be placed with its neck in a test-tube 

which is supported in its stand. Care must, however, be 

taken that the inside of the upper part of the test-tube is 

dry, and that there is a space between the neck of the funnel 

and the inside of the tube, for if the egress of air is prevented 

•"he filtration is stopped. The funnel is therefore preferably 

'upported upon the ring of a wooden filter stand (fig. 31) ; 

*^e filtrate being received in a small beaker instead of in 

'^^t-tube. Great care must be taken while pouring 
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in the liquid not to let it reach the upper edge of the 
filter paper, which must always be below the rim of the 
fuimel 

Exp. 50. — Filter the liquid containing the precipitate of 
barium carbonate from. (Exp. 47)- j>jq g^ 

If the above directions have been 
carried out, and no hole has been 
made in the paper while preparing 
or fitting in the filter, the filtrate 
will run through perfectly dear, 
leaving the barium, carbonate on 
the filter. Keep the funnel with 
the filter and precipitate. 

Sometimes the filtrate runBtlirough 
turbid. The whole, or the first por- 
tions of it, must then be poured once 
or twice through the same filter ; or 
a double filtration may be performed 
in one operation by poming the liquid i 
at once through a double filter. ' 

It should be borne in mind that a liquid passes through 
the filter moat quickly when hot. Hence, if not inad- 
misaible for other reasons, a solution should always be heated 
before being filtered. 

Common filter paper contains a little calcium carbonat*. 
This is of no importance in an ordinary analyaia, and ia only 
objectionable when an acid solution has to be esarained for 
traces of calcium after filtration. To remove this impurity 
the filters are moistened in a funnel with dilute liydrocliloric 
acid, and are then well washed with distilled water. Filters 
may, however, be obtained at small coat which are practically 
free from soluble matter. 

A filter pianp, which appllas auction to the neck of the fonnel, is 
frequently neeful to hasten the process of filtration. Tbia is especially 
the case when gelaljnous or flocculent precipitates have to be dealt 
with. The accompanying (fig. 32) shows a coaveniont arrangement for 
this purpose. The glass Geissler aspirator is shown over the sink, con- 
nected by stont rubber tubing, incloBing'canTaB, with the high preBsnre 
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nater-tap. When the water is tamed on, air is sucked from the 
thick-glass coDical tabnlated filtei flask ; and the atmospheric piesanro 
actJDg on the liquid in the fmmel is thus rendered, at least partially, 
available for farcing the liquid through the filter. The tiro-necked 
Woulffs's bottle is interposed betireon the aspirator and the filtor- 
flask to prevent wnter from the aspirator entering the flssk. The 

Fio. 32. 
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funnel tnbe is fitted by a rubber cork into the neck of the filter- 

flaak; and in order that the pressure on the point of the filter paper 

may not burst it, the paper must then be supported by a little 

platinum cone. This is made by cutting out a circle of plutinnm foil, 

about three -qoarters of an inch in diameter. If this be cut through 

from circumference to centre along one of its radii, it can be shaped 

uto a cone (fig. 3D, d, p. G2), which fits exactly into the bottom of the 

"nnel. After the platinam cone has been fitted in the bottom of the 

nnel, an ordinaiy filter paper is folded as usual, and fitted closely 

'.ile dry into the dry funneL It is then moistened with water, and 

."efiilly pressed, where neceasaiy, with the fingers until it adhere* 

fectly to the funnel ; the edges of the paper especially require to 

oarehilly pressed in this way. The filter ia then tested by filling it 

h distilled water, and setting the pump in action. If the filter fits 
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properly, and has been pressed into contact with the glass funnel, no 
air will be sucked through the filter until the whole of the water has 
passed through. Any air leakage must be prevented by pressing the 
paper while such leakage occurs. In an arrangement such as that 
described above, the aspirator may be replaced by other forms of 
apparatus for producing suction ; a common hand-syringe is not un- 
commonly used. 

Besides expediting the filtration and washing of precipitates, such an 
arrangement also enables the precipitate to be dried to a great extent 
by sucking air through it after the liquid has passed. 



Dbcantation. 

80. Precipitates which settle rapidly may frequently be 
separated without the use of a filter. The vessel containing 
the liquid and precipi- 
tate is allowed to stand 
at rest until the precipi- 
tate has settled. The 
liquid is then carefully 
poured off or decanted 
by gently inclining the 
TesseL A wetted glass 
rod, pressed against the 
edge or lip of the vessel 
(fig. 33), helps to pre- 
vent disturbance of the precipitate. The process, if care- 
fully performed, effects a fair separation of heavy preci- 
pitates. 

Exp. 51. — Add dilute sulphuric acid to some boiling 
solution of barium chloride. A heavy precipitate of barium 
sulphate will be formed. This may be readily separated 
from the liquid by decantation. Keep the precipitate in the 
test-tube. 




Washing precipitates. 

31. A precipitate, which has been separated from the 
liquid in which it was suspended, must usually be washed 
until it is perfectly free from the adhering solution. 
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Exp. 52. — WcisMng on the filter. — Support the funnel, 
which contains the filter and barimn carbonate precipitate 
from (Exp. 50), in a filter stand above a beaker or flask. 
Blow into it a fine stream of hot distilled water from the 
wash-bottle, so directing the jet as to stir up the precipitate. 
Fill the paper with water to within a short distance from its 
edge. Let this water run through perfectly. Then nearly 
fill the filter again in the manner just described. Kepeat 
this process three or four times; letting the water run 
through completely each time before adding a fresh quantity. 

The precipitate and filter will usually thus be freed from 
everything soluble in water, and the water running through 
will be tasteless. Ascertain whether the washing is com- 
plete by collecting the last few drops of the washing water 
in a clean test-tube, and adding to it a drop of silver nitrate 
solution. No turbidity, indicating the presence of dissolved 
chloride, must be produced. If turbidity appears, the wash- 
ing must be continued and the washing water again tested. 

Exp. 53. — Washing hy decantation, — The precipitate of 
barium sulphate from (Exp. 51) may now be washed by 
decantation. Hot water is added, and is shaken, stirred, or 
boiled with the precipitate, which is then allowed to settle. 
When the water has become clear it is poured ofi^ as is shown 
in (fig. 33). By repeating this washing process several times, 
with addition of fresh portions of boiling distilled water, 
the precipitate may be entirely freed from the adhering 
solution. As the washing water is poured off, test it occa- 
sionally with blue litmus paper, to ascertain when it ceases 
to redden the paper and is therefore free from acid. As soon 
as this is the case the precipitate is thoroughly washed. 

It is usual to ascertain when the washing of a precipitate 
is complete, by testing the washing water for that soluble 
substance which may be most readily detected, as is seen in 
the above examples. 
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Drying precipitatbs. 



32, A precipitate is dried by placing the funnel in a 
hollow tin cone or cylinder, called a JUter dryer (fig, 34). 
This ia Bupported either on a piec« of iron -^^^ ^^ 

wire gauze upon a tripod stand over the 
Same of a rose-burner turned very low, or 
upon a heated iron plate or sand bath. 
The funnel is thus exposed to a current 
of hot air, which rapidly dries the filter 
and precipitate. Great care must be 
taken so to regulate the heat aa not t 
«har the filter. 

A precipitate may be more rapidly dried 
by draining it in the funnel ; then removing the filter and 
spreading it upon a piece of wire gauze supported on the 
ring of a retort stand or upon a high tripod stand. A 
small flame from a roae-bumer ia then placed beneath the 
gauze at a sufficient distance to prevent any risk of charrii^ 
the paper. 

A precipitate may be partially dried by opening out the 
filter which contains it upon several dry filter papers, and 
allowing them to absorb the water. This process may pre- 
■cede those already mentioned. 




Removing precipitates from thb filter. 

33. A small quantity of a moist precipitate may be taken 
from a filter most readily by dipping the end of a glass rod 
into iL If a watch glass or the interior of a test-tube is 
then touched with the end of the rod, a portion of the pre- 
49pitate is deposited for further test or examination. 

A bulky precipitate may often be taken out of the filter 
in sufficient quantity by means of a glass or porceltun 
spatula. 

If the precipitate is to be removed from the filter as 
{»mpletely as possible, several methods are available. One 
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or other of those described below must be chosen according 
to circumstances. 

a. A hole may be made in the bottom of the filter by 
means of a glass rod, which is pushed down through the 
neck of the funnel. The precipitate is then easily washed 
down into a vessel beneath by a fine stream of water or 
other liquid from the wash-bottle. 

b. The funnel may be held with its neck horizontal, and 
Fig. 35. with its rim just inside the edge of a 

porcelain dish (fig. 35). The precipitate 
is then washed out by directing a fine 
stream of water from a wash-bottle against 
the inside of the filter. 

c. The filter and precipitate are allowed to remain in the 
funnel for some time in order to allow as much water as 
possible to drain away. The filter is then carefully taken 
out of the funnel and further dried if necessary by laying 
it upon several folds of filter paper. After removing the 
portions which contain no precipitate, the filter is spread 
out inside a porcelain dish. The liquid with which the pre- 
cipitate is to be treated is then poured into the dish ; and 
by shaking this liquid round, and carefully rubbing the filter 
with the rounded end of a glass rod, the precipitate is 
washed ofi* without tearing the paper. The filter paper is 
then carefully removed by a glass rod. 

d. If it is undesirable to add a liquid to the precipitate 
upon the filter, the filter and precipitate are allowed to drain 
for a short time, and are then removed from the funnel. 
The precipitate may be further drained, if necessary, by 
laying the filter on several dry filter papers. The filter is 
then spread out upon a flat piece of glass, and the precipitate 
is carefully scraped off with a glass rod pressed flat upon 
the paper, or with a small spatula. This method is usually 
the most imperfect, but is frequently the best for other 
reasons. 

e. If a precipitate is to be dissolved off the filter, the 
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liquid to be used as a solvent is heated and poured upon 
the precipitate. The solvent will run through the filter 
into a vessel placed below, taking with it the precipitate in 
solution. The liquid, after it has passed through, should 
be heated again and once more poured upon the precipitate 
if the latter is not entirely dissolved. The liquid is reheated 
and returned to the filter in this way as long as anything 
remains undissolved. If any portion of the precipitate still 
remains, it must be removed by the use of a fresh portion of 
the solvent. 

Exp. 54. Remove in this way the precipitate of barium 
carbonate (Exp. 52) from the filter by means of hot dilute 
hydrochloric acid. 

/. A precipitate may also be removed from the filter, by 
means of the liquid with which it is to be treated or dis- 
solved, in the following manner. The funnel is supported 
over a suitable vessel. The liquid is poured in and quickly 
stirred up with the precipitate by means of a thin glass 
rod. The bottom of the filter is then pushed out through 
the neck of the funnel by the glass rod, and the liquid carry- 
ing the precipitate will run through. If some of the pre- 
cipitate remains on the filter, the liquid is poured again 
through the filter ; by repetition of this process all the pre- 
cipitate may be removed. 
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34. The two vegetable colouring substances Utmtis and 
turmeric undergo marked changes of colour when they are 
acted upon by certain substances. These changes serve to 
indicate whether a liquid or gas is dddy alkaline, or neutral. 
The analyst is usually provided with slips of paper which 
have been stained with solutions of these colouring sub- 
stances. They are known as test papers, and are easily dis- 
tinguished by their colour. The following experiments will 
explain their use. 
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Exp, 55. — Acid, alkaline, and neutral reaction, — Dip a 
clean glass rod successively into dilute hydrochloric acid, 
ammonium hydrate solution, and barium chloride solution. 
After each immersion of the rod, draw its end wetted with 
the solution successively across blue litmus paper, red 
litmus paper, and yellow turmeric paper. The following 
results will be obtained. 

Hydrochloric acid reddens blue litmus, but does not alter 
the colour of red litmus or of turmeric : it possesses an acid 
reaction. 

Ammonium hydrate solution does not afiFect the colour of 
blue litmus, but blues red litmus and browns the turmeric : 
it shows alkaline reaction. 

Barium chloride solution does not afiFect the colour of any 
one of the test papers : its reaction is neutral. 

Each of these liquids is typical of a large class of sub- 
stances in so far as its behaviour with these test papers is 
concerned. 

Exp. 56. — Neutralisation : Addition of acid and alkali in 
excess, — Pour some dilute hydrochloric acid into a porcelain 
dish. Add solution of ammonium hydrate drop by drop, 
constantly stirring the liquid with a glass rod and touching 
the wet end of the rod against a piece of blue litmus paper. 
By proceeding cautiously a point may be reached at which 
the liquid does not aflfect the colour of either blue or red 
litmus paper : the acid is then said to have been neutralised 
by the alkaline liquid. Add another drop of ammonium 
hydrate and the liquid will acquire an alkaline reaction : the 
alkaline solution is then said to have been added in excess. 

It will now be easily understood how an alkaline solution 
may be neutralised with an acid, and how it may be acidified 
or mixed with add in excess. 

The process of neutralising a liquid is most readily com- 
pleted by the addition at the last of very dilute acid or 
alkaline solution. 

In selecting between red litmus and turmeric test papers 
for the detection of an alkaline reaction, it should be re- 
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membered that turmeric is usually more sensitive than red 
litmus, but that it fades quickly when exposed to daylight. 

A very turbid liquid often forms a deposit on test paper 
which conceals its colour. The colour is, however, usually 
visible on the back of the paper if it is unglazed. If the 
paper is glazed the colour may be easily seen when the deposit 
is washed oflf by a stream of distilled water from the wash- 
bottle. 

Test papers must always be kept in a stoppered bottle 
in order to guard them against change by fumes in the 
laboratory air. The bottle should be shielded from light as 
much as possible. 

Ignition. 

35. Solid substances are occasionally heated strongly 
or ignited in order to study the eflfect of heat upon them, 
since by this means their composition or nature is frequently 
revealed more or less completely. Ignition also serves to 
remove volatile from non-volatile substances. 

Exp. 57. Heat some zinc oxide in a small ignition tube. 
Its colour will be lemon yellow while hot, but will change to 
white again on cooling. These changes of colour show the 
substance to be zinc oxide. In the early stage of the heating 
drops of water will probably condense in the upper part of 
the tube, proving the presence of moisture. 

Exp. 58. Heat a little mercuric oxide in a small test-tube 
or ignition tube (6). After a short time minute shining 
drops of the metal mercury will be seen in the upper part 
of the tube. If a small splinter of wood with a spark at its 
end be held in the tube, it will burst into flame. The 
behaviour of this red powder on being ignited shows that it 
contains the elements mercury and oxygen. 

Exp. 59. Heat a few particles of charcoal powder on 
platinum foil by directing the tip of the blowpipe flame 
against the under surface of the foil. The charcoal will 
slowly bum away. This behaviour is peculiar to carbon 
and to a few other combustible substances. 
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Exp. 60. Heat a piece of ammonium chloride in a small 
test-tube. The ammonium chloride being volatile will pass 
oflf as vapour or volatilise^ and the vapour cooling in the 
upper part of the tube will form a coating or svhlimate, 

Exp. 61. Heat in the same way a small piece of potassium 
chloride. This will melt but will not disappear, since it 
is only slightly volatile. It will become solid again on 
cooling. 

Hence if a mixture of ammonium chloride and potassium 
chloride is heated on platinum foil, the potassium chloride 
alone is left in the residue, since the ammonium chloride is 
removed as vapour. 

If the quantity of the substance to be ignited is large, it 
is usually heated either in porcelain or in platinum vessels. 

It is a necessary condition of simple ignition that the 
substance shall not undergo chemical alteration by contact 
either with the flame or with the substance of the vessel or 
support. 

Fusion with reagents. 

36. A substance is often melted or fused with certain 
solid reagents in order to cause chemical changes to occur 
which yield a characteristic result 

Exp. 62. — Place on a piece of platinum foil a little 
powdered sodium carbonate and potassium nitrate, and 
then add a minute quantity of manganese dioxide. Hold 
the foil with crucible tongs in the top of the Bimsen flame, 
or heat the under surface of the foil with the point of 
the blowpipe flame. The mass will soon melt or fuse, and 
should be kept in a melted state for a short time and then 
allowed to cool. A bluish green mass will remain upon the 
foil, the colour of which is due to the sodium manganate 
'^hich is formed by the fusion. This colour is produced 
^nly when manganese is present, and serves therefore as a 
'8t for that metal. 
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In this experiment the solid substances alone react upon 
one another: the gases of the flame take no part in the 
change. 

Flamb reactions. 

37. The use of the blowpipe has already been explained 
(5). But hitherto this instrument has been considered only 
as a means of obtaining a hot compact flame playing in any 
desired direction. 

The gases of either the blowpipe or the Bunsen flame may, 
however, play the part of reagents in affecting the composition 
of the substance which is being heated. In order to under- 
stand the nature of these changes the structure of the flame 
must be carefully observed. 

In a well-formed blowpipe or Bunsen flame two parts 
may be distinguished. The inner flame^ which is blue and 
pointed ; and around and beyond this an almost colourless 
flame known as the outer flame. 

The inner flame is often called the reducing or deoxidising 
flxime^ because it separates or reduces metals from their 
oxides and from many of their compounds, and in general 
deoxidises substances. This is due to the action of the hot 
but unbumt hydrogen and carbon present in this part of 
the flame. 

The outer flame is also known as the oxidising flame, 
because it changes metals into their oxides, and oxidises 
many other substances by exposing them to oxygen at a 
high temperature. 

The inner flame is best obtained of large size by placing 
the tip of the blowpipe nozzle only in the very edge of the 
flame made somewhat luminous by partially closing the 
air-holes of the Bunsen burner. 

The outer flxime is better developed when the nozzle is 
pushed further into a flame containing much more air. 

In the following processes the results obtained will 
usually vary according to the part of the flame in which 
the substance is heated. 
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38. Fusion vdth borax: the borax bead, — Certain metals 
and their compounds when fused with borax are converted 
into coloured borates. The colour of each of these borates 
is characteristic, either in itself or in the changes which it 
undergoes in the outer or inner blowpipe flame. 

Exp. 63. — Place a little powdered borax on a watch glass. 
Moisten the loop of a piece of mounted platinutn wire (7), 
and dip it into the borax. Then hold the loop with the 
adhering powder in the outer blowpipe flame until the borax 
melts. If the bead thus formed does not fill the loop, dip 
the melted bead again into the borax; more powder will 
adhere and may be melted in the flame. In this way powder 
is to be constantly added until a drop or bead is obtained 
which completely fills the loop. This bead must be perfectly 
colourless and transparent when it is cold. 

If the melted bead easily drops from the wire, either the 
loop or the bead is too large. A loop which is somewhat 
less than an eighth of an inch across answers well; it is 
made by rolling the tip of the wire round a piece of wire. 
If the bead is too large, remove a portion by giving the 
wire a sudden jerk while the borax is in a fused condition. 

If the bead shows any colour, it is jerked off* while 
fused and another bead is made from fresh borax. Thi^ 
process is repeated if necessary until a bead is obtained, 
which, after having been heated in the outer blowpipe flame, 
is colourless both hot and cold. 

Moisten the clear cold borax bead and dip it into some 
finely powdered manganese dioxide ; a few minute particles 
only are to be thus attached to the bead. Then fuse this 
substance into the bead by heating it for a short time in the 
tip of the outer blowpipe flame, and at once examine the 
colour of the bead by looking through it at a piece of white 
paper or at a window light or bright flame. It will be 
mrple or amethyst red while hot, and its 6olour will not 
Her on cooling. 

Now heat the bead again for some time in the tip of the 

yier blowpipe flame. Its colour will vanish, but will 
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reappear when the bead is heated at the tip of the outer 
blowpipe flame. These changes of colour in the borax bead 
characterise the metal manganese, 

A beginner often obtains at first a bead which is opaque, 
owing to the use of too much manganese oxide. If this 
should happen, the bead may be fused and a portion of it 
shaken ofiF and replaced by fresh borax. 

The bead is detached while it is liquid by giving the 
wire a sudden jerk. It may also be removed when cold by 
crushing it on a hard flat surface by a sharp blow with the 
pestle. 

Two mounted platinum wires should be kept. Their 
loops when not in use are to be always immersed in dilute 
hydrochloric acid ; they will then only require to be washed 
with water before being used. 

89. Ignition on charcoal in the blowpipe flame, — Wood 
charcoal, on account of its cheapness, its infusibility, and its 
non-conducting power, is a very useful support for substances 
which are to be strongly heated in the blowpipe flame. 

It is often, however, selected on account of the reducing 
or deoxidising power which it can exert at a high tempera- 
ture. This renders it entirely unsuitable for oxidising pro- 
cesses such as that described in (Exp. 62). 

Ignition on charcoal therefore serves chiefly to detect the 
presence of the heavier metals. These are smelted out by 
the reducing action of the inner blowpipe flame aided by that 
of the red-hot charcoal. The assistance of other solid reagents 
is, however, often necessary or at least advantageous. 

The vapour of some metala bums as it leaves the charcoal, 
and the metallic oxide is deposited as an incrustation. The 
white ash left by combustion of the charcoal must not be 
mistaken for such an incrustation. 

Exp. 64. — Choose a piece of wood charcoal which is free 
from large cracks, and which does not crackle or spit when 
heated in the blowpipe flame. Scoop out a small hollow^ 
near one end of it with a knife or with a charcoal borer. 

E 
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Place in this cavity a small quantity of powdered lead 
acetate and sodium carbonate; end mix the powders to- 
gether is the cavity with the point of a penknife. Heat 
this mixture in the inner hlowpipe flame, holding the 
p,^ g„ charcoal in such a 

way that the rest of 
the flame plays over 
its surface (fig. 36). 

Bright globules of 
lead will soon be 
visible in the cavity ; 
and on removing the 
charcoal from the 
flame, the surround- 
ing surface will be 
found to be coloured 
with a yellow incrai- 
toHim. 

' ■" ' One of the httle 

globules of metal should be taken off the charcoal with 
the point of a penknife, and struck smartly with the pestle 
on the bottom of the inverted mortar. It will flatten out 
into a cake, showing that the metal is malleahU and not 
brittle. 

Another globule, when cleansed from charcoal by being 
rolled between the moistened finger-tips, and stuck on the 
point of a penknife blade, will be found to mark paper as 
black-lead does. 

Lead compounds only give a yellow incrustation and 
malleable globules which are soft enough to mark paper; 
this test therefore serves to detect their presence. 

40. Washing and Uvigation of the reiidve hft on the 
eharcoal. — Metallic globules produced as is directed in the 
preceding experiment are usually visible, at least with the 
aid of a len& They are also easily detached from the 
charcoal. But fine metallic particles or scales are usually 
jnly detected and separated, when the fused residue is 
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detached from the cool charcoal with the point of a pen- 
knife, and crushed in a mortar or in a porcelain dish with 
a little water. The water is then quickly decanted down 
the wet pestle held against the edge of the vessel (fig. 37). 
The light suspended particles of charcoal together with 



Fig. 37. 




soluble substances are thus poured oflF, while the heavier 
and insoluble metallic powder will be left By repeating 
this process of levigation, the metal may be obtained free 
from soluble substances and charcoal, and may then be 
ftirther examined by a lens or magnet or by other tests. 

Exp. 65. — Fuse a mixture of copper sulphate and sodium 
carbonate on charcoal in the inner bloAvpipe flame and levigate 
the residue as is directed above. Little red scales of copper 
will be obtained. 

Treat in the same way a mixture of ferrous sulphate and 
sodium carbonate. A greypmjoder consisting of metallic iron 
will remain. This, when touched under water with the 
point of a magnetised penknife, will attach itself in the form 
of a tuft to the point. 



Flame colorations. 



41. Many substances, when heated in a non-luminous 
flame, emit vapours which impart characteristic colours to 
the flame. The blowpipe flame may be employed to obtain 
these colorations, but a Bunsen flame answers the purpose 
welL On accoimt of the lower temperature of this flame, 
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however, many coloratious are not obtained with prompt- 
ness or intensity. 

The Bunsen flame when used for this purpose may be 
partly surrounded with a conical chimney, which steadies 
Fig 38. *^® flame considerably (figs. 38, 39, 40). 
The supply of air entering by the air-holes 
is so regulated that a small luminous point 
appears near the top of the flame. The 
platinum wire is held either in this luminous 
point or just below it. 

Exp. 66. — Hold a platinum wire loop, which 
is not more than an eighth of an inch in 
diameter, in the inner blowpipe flame. If the wire is 
clean it will become red hot without colouring the flame. 
If it colours the flame, the wire must be boiled with hydro- 
chloric acid in a test-tube and then rinsed well with water. 
Or it may be wetted with strong hydrochloric acid, and 
heated strongly in the blowpipe flame until it no longer 
colours the flame. If the loop cannot be cleansed in this 
way, the end of the wire must be cut off* and a fresh loop 
formed. 

Now dip the wire loop into a little sodium chloride solu- 
tion on a watch glass. See, on removing the loop, that it 
is filled by a drop of the solution. Then hold the loop at 
the tip of the inner blowpipe flame, the outer flame will be 
coloured bright yellow, 

Kepeat the experiment, placing the loop containing the 
solution in the outer part of the Bunsen flame, about half- 
way between its base and top. The same yellow tint will 
be seen above the loop. 

This yellow coloration is given to the flame only by 
sodium and its volatile compounds. On looking at it 
brough the indigo prism, no yellow coloration will be 
isible. 

"Remove all sodium chloride from the platinum wire loop, 

* ing it strongly in the tip of the blowpipe flame until 

}8 to impart any colour to the flame. Then dip the 
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wire loop into some solution of pure potassium nitrate. 
This will impart to the flame a pale lilac colour, which is 
characteristic of potassium and its compoimds. On looking 
at this coloration through the indigo prism, it will appear 
crimson, 

Exp. 67. — Now dip the wu'e loop into a mixture of a few 
drops of the sodium chloride and potassium nitrate solutions 
on a watch glass. When the loop is held in the flame the 
sodium coloration only will be seen. But if this colora- 
tion is then viewed through the indigo prism, the crimson 
potassium coloration will be seen distinctly. By means of 
the indigo prism the potassium coloration is therefore 
discoverable even when it is concealed by that of sodium. 



The spbctrgscopb. 

42. This instnmient furnishes by far the most certain 
means of detecting substances by their flame colorations. 
This is more especially true when the colorations due to 
several substances are mingled in the flame. 

The coloured light from the flame in passing through the 
spectroscope is separated into its constituents by traversing 
one or more prisms. The coloured lines thus seen are 
termed the spectrum of the substance, and by their colour 
and relative position they serve to identify the substance 
with certainty. This is equally true whether the flame 
coloration is produced by one substance only, or by several ; 
since the constituent colours are in any case seen without 
interference one with another. 

Two forms of this instrument are figured here. The 
direct vision pocket spectroscope, which is shown ready for 
use in (fig. 39), is recommended by its portability. The 
Bunsen or table spectroscope, shown in (fig. 40), is to be 
preferred for general use as a stationary piece of apparatus in 
the laboratory. The light enters each of these instruments 
through a slit, the width of which can be adjusted to suit, 
strong or feeble colorations. The rays of light after entering 
are rendered less divergent by traversing a lens, and then 
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[42. 



pass through one or more prisms. The rays are finally 
focussed by means of a sliding eye-piece, so as to give a 
sharp image of the slit. 

Exp. 68. — The student should now proceed to work with 
either or both of these instruments. 

The direct vision spectroscope is arranged for use by support- 
ing it in a clamp steadily in front of the flame (fig. 39). The 
slit is then slightly opened and the eye-piece so adjusted 
that the yellow line, due to the sodium compounds present 
in the atmospheric dust, is sharply focussed. Or the instru- 
ment may be held in the hand and directed on the flame. 
In this case it is most readily focussed on the dark Fraun- 

FiG. 39. 




hofer lines, which are seen on looking through a window at 
ordinary daylight. 

The Bunsen or table spectroscope (fig. 40) has usually three 

brass tubes. One of these carries the adjustable slit, another 

;he eye-piece, and the third a transparent photographic 

^cale. The instrument is brought into adjustment by 

"acing a Bunsen burner with closed air-holes in front of 

slit. On looking through the eye-piece at this luminous 

a continwms spectrum of unbroken colours will be 
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seen. The upper aod lower edges of tbia spectnim are 
sharply focuBsed by moving the eye-piece : and the two 
tubes are arranged at suck an angle as to give the longest 
complete spectrum poasible. The tubes must now either 
be permanently clamped in position, or so marked that they 
can at any time be brought readily into the same position 

Fig. 10. 




vrith certainty. Air is then admitted into the Bunsen flame 
by opening the holes of the burner, and the yellow sodium 
line, which is always visible, is sharply focussed. The bright 
flame is lighted opposite the end of the scale-tube ; the scale 
is focussed, and the scale-tube is shifted until the yellow 
sodium line stands at the fiftieth graduation. This line will 
of course be seen in all the following experiments. 

Having thus brought the instrument into adjustmentt 
the student should proceed to introduce into the frout of 
the Bunaen flame and just below the slit, a platinum wire 
loop moistened succeBsively with solutions of sodium chloridci 
potassium chloride, barium chloride, strontium nitrate, and 
calcium chloride. The wire may be conveniently supported 
in the flame by slipping its glass handle upon a horizontal 
wire arm, whose height is adjustable on a stand such aa is 
represented in (figs. 39, 40). Coloured lines will be seen 
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which are always the same in colour and position for the 
same flame coloration, but vary in these respects with the 
colorations of different substances. This line spectrum is 
therefore characteristic of each vapour which colours the 
flame. 

The pocket spectroscope is not usually furnished with a 
scale. If it is not, the relative position of the lines of any 
particular spectrum can only be jotted down or remembered 
with approximate accuracy. Since the yellow sodium line 
is never absent, it will furnish a useful landmark in the 
spectrum. 

The scale of the larger spectroscope enables the position 
of the lines to be marked down, and they are thus easily 
identified again if the instrument is brought invariably to the 
same adjustment. The lines, however, will vary in position 
in different instruments, owing not only to varying adjust- 
ment, but to differences in the material and angle of the 
prism. Hence the instrument when in use must always be 
set in precisely the same way as when mapping down the 
lines in the spectrum chart, if the chart is to be of any use : 
and further, a separate chart is necessarily made for each 
spectroscope. 

The accompanying spectrum chart (fig. 41) will show the 
student a convenient method of mapping the lines. But it 
is only intended for use wdth the spectroscope for which 
it was made. In this chart the varying intensity of the 
lines is indicated by their varying thickness, and their 
colour by the name of the colour over the region in which 
the lines occur. The position of the sodium line is marked 
in each spectrum. The student should carefully make such 
^ chart, marking in the lines with pen or pencil on a white 
ground, and placing against each line the number of the 
ale graduation at which it stands. The relative intensity 

the lines should also be indicated by the Greek letters 

plied in the order of decreasing intensity. 

It will be found convenient to register this chart in the 

•■^-book, or to suspend it near the instrument. 

^ spectrum may be identified, even when the instrument 
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has not been carefully adjusted, by noting the poaition of 
the lines on the scale, and then throwing into the spectro- 
scope a known flame coloration. It the lines of the unknown 
Fig. 41. 




substance exactly correspond with those of the known colora- 
tion, the two are due to the same substance. 
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Exp. 69. — After the student has carefully examined and 
mapped the spectra of several of the metals mentioned in 
the spectrum chart, he should examine some mixed spectra 
obtained from solutions containing the salts of two or more 
of these metals. The ease with which metals can be found 
by means of the spectroscope in the presence of one another 
will thus become evident. 

The delicacy of this method of detecting certain metals is. 
extreme. Thus it is only in the stillest air, which is almost 
absolutely free from dust particles, that the sodium spectrum 
is not obtained from a Bunsen flame. By using extremely 
dilute solutions of metallic salts, this delicacy may be proved 
in the case of other metals. Bunsen states that one three- 
thousand millionth of a grain of sodium can be detected by 
the spectroscope. 

It is by no means a matter of indifiFerence which com- 
pound of a metal is selected for obtaining its flame colora- 
tion or spectrum. The most volatile salts, such as the 
chlorides, nitrates, and chlorates, give the most vivid but 
least durable result. The coloration is increasingly feeble 
with the sulphate, carbonate and phosphate; and is not 
usually obtainable from the silicate. In most cases a colora- 
tion becomes more intense if the finely powdered substance 
is moistened with strong hydrochloric acid. But in the case 
of a silicate it is usually necessary to moisten the powder 
with hydrofluoric acid, or to mix it with pure ammonium 
chloride and calcium carbonate, before introducing it into 
the flame. 

The width of the slit is regulated according to the inten- 
sity of the lines to be looked for. A bright line can be 
observed with a narrow slit, and its position is then noted 
with great precision. The slit must, however, be opened 
much more widely to see a faint line, such as K^. Great 
breadth of a line is objectionable, since it prevents its posi- 
'on on the scale being accurately noted, and often causes 

le edges of neighbouring lines to overlap. 

The background of the flame should be absolutely black, 
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to prevent admission of stray light. A piece of black velvet 
hung behind the flame gives a good background. 

Some very volatile substances give only a momentary 
flash of colour in the flame ; while others, which are far less 
volatile, colour the flame only at the highest temperature 
obtainable. Hence careful observation of the flame through 
the spectroscope is necessary fr(ym the moment that the 
substance is introduced into the flame, until the wire loop 
has been heated to whiteness for some time. 

The spectroscope is of special use in analysis : — 

1. For readily detecting metals when their flame colora- 
tions are concealed by that of sodium ; and generally for 
detecting metals when their colorations are mixed in the 
flame. 

2. For distinguishing similar colorations from one another. 
Thus the red coloration of strontium is readily distinguished 
from that of calcium by the strongest red line in their 
spectra being at different distances from the sodium line, 
and further by the characteristic blue line of strontium and 
the green line of calcium. 

3. For detecting minute traces of many metals which 
could scarcely be discovered by other means. The metals 
lithium, indium, thallium, rubidium and caesium were dis- 
covered by their spectra; and as they usually occur in 
minute proportion only, they are most conveniently detected 
by the spectroscope. 

In the more powerful spectroscopes several prisms are 
used, and the lines of the spectra become more widely separ- 
ated. Their relative positions are then noted with great 
precision by moving the observing tube until each line in 
succession is brought into the middle point of the cross wires 
in the eye-piece. The position of the eye-piece is then read 
off on the graduated edge of the circular table on which the 
prisms stand, and registers the relative position of the line. 
Instruments of great power and precision are however not 
requisite for ordinary analytical work. 



SECTIOl^ lY. 



ANALYTICAL REACTIONS. 



The student will find many paragraphs in this section marked with 
an asterisk (*). These may be omitted if the analysis of simple salts 
only is to be learnt. They will, however, require the careful attention 
of the general analyst. 

Reactions printed in small type are of minor importance only. 



Introductory remarks. 



The study of chemistry has revealed the fact that every 
substance consists either of one kind of matter only, or 
of two or more different kinds. Those substances which 
contain only one kind of matter are called chemical elements. 
Their number at present amounts to a little over sixty. A 
list of them is given at the end of the book (562). These 
elements do not usually occur singly. Two or more of them 
are commonly found together either in a state of mere 
mixturey or united in a much more intimate manner in a 
chemical compound. 

It is the object of analytical chemistry to discover what 
element, elements, or sometimes what groups of elements, 
any substance of unknown composition contains ; also to 
ascertain whether any particular element or group of ele- 
ments is present in a given substance. 

In order to become a thorough analyst it is necessary 
to be acquainted with the properties of each element and of 
the compounds it forms with other elements. Efficiency in 
analysis therefore depends in a large measure upon the 
knowledge of what is usually termed theoretical, but more 
appropriately descriptive chemistry. For ordinary analytical 
'urposes, however, certain marked properties or changes 
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of each element or group of elements are selected ; and by 
these properties, called tests or reactions, its presence is 
detected. 

The tests or reactions which are most frequently selected 
depend upon the behaviour of a substance when heated 
under various conditions, and upon its behaviour when 
mixed with certain liquid or solid substances. 

Such substances, added for analytical purposes, are called 
reagents. Some reagents serve for detecting one element or 
compound only, and are therefore called special reagents: 
others separate or detect a group of elements or compounds, 
and are called group reagents or general reagents. 

Analytical groups, — The metals are separated by their 
behaviour with certain general reagents into five principal 
groups ; two of these groups being further subdivided into 
two subgroups. Each group receives a distinctive name 
from its place in the system, from some conspicuous or im- 
portant member of the group, or from the general reagent 
used to precipitate the group. Thus we speak indifferently 
of the Fourth Group, the Barium Group, or the Ammonium 
Carbonate Group. 

At the beginning of the fifth section the analytical groups 
are tabulated; and the distinctive numbers, names, and 
reagents, which are characteristic of each group, are placed 
at the head of the columns. The names and symbols of 
the metals contained in the group are arranged vertically 
beneath. It is perhaps well to avoid referring to a group 
by its number. Different analysts number the groups dif- 
ferently, and the number is therefore apt not to denote the 
group with certainty. 

Analytical classification. — The chemical elements are fre- 
quently divided into two classes, metals and non-nietals. 
These classes, with the following slight modifications, form 
convenient divisions for analytical purposes : — 

In the class of metals must be included the hypothetical 
metallic radicle ammonium, and the element hydrogen. 

The non-metals, either singly, or in groups formed by 
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their combination inter se or less frequently with a metal, 
unite with hydrogen and with metals forming salts. The 
hydrogen salts of these radicles are usually called acids. 
Thus CI, SO^ PO4, MnO^ form the hydrogen salts or acids, 
HCl, H2SO4, H3PO4, HMnO^ ; and the metallic salts, KCl, 
MgSO^, NagPO^, KMn04. Metal hydrogen salts or add saltSy 
such as NaHSO^, Na2HP04, are also known. The general 
name acid-radicle is conveniently applied to CI, SO4, PO^, 
MnO^. Some of these acid-radicles are elements, but most 
of them are unisolated compound radicles. The property 
which they have in common is that of forming acids and 
salts by combining with hydrogen and with metals. For 
analytical puposes then, substances may be separated into 
the groups of Metals and Acid-radicles. 



The analytical reactions. 

43. In order to become fully acquainted with the be- 
haviour of different substances with reagents, and thus to 
be able to detect them by their reactums, each of these re- 
actions should be tried with the substance itself or with 
one of its compounds. The appearances presented are then 
carefully observed, so that the substance would be easily 
recognised in a body of unknown composition by means of 
these tests. 

The addition of a reagent to a substance causes some 
important and visible change to occur. This may be 
simply a change of colour, but it very usually consists in 
the formation of a precipitate. The colour, appearance, or 
behaviour of this precipitate with other reagents is charac- 
teristic of a particular element or compound radicle. 

As soon as a reaction has been satisfactorily performed, it 
should be briefly described in the note-book in a neat and 
concise manner. The nature of the chemical change which 
las occurred should then be explained by means of a chemi- 
cal equation. This will involve the correct use of chemical 
inbols and formulae, and a right conception of the mean- 
of an equation. For full information on these matters 
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a treatise on theoretical chemistry should be consulted. 
The few hints which follow will, however, serve to guard 
and guide a student who has not had much experience in 
such matters. 

Chemical notation, — Each element is represented by a 
symbol consisting of one or two letters ; thus S stands for 
sulphur, CI for chlorine. The symbol also represents one 
atom of each element. When written one after another 
symbols give the formtda of a compound substance. A 
correct formula shows what elements, and how many atoms 
of each of these elements, the compound molecule contains. 
Thus KCl stands for one molecule of potassium chloride, a 
compound of one atom of potassium and one atom of chlo- 
rine. PtCl^ stands for one molecule of platinic chloride, 
which consists of one atom of platinum combined with four 
atoms of chlorine; the small figure placed below a symbol to the 
right denoting how many atoms of that element are present. 

A number placed before a fwmula multiplies each symbol 
in that formula. Thus 2PtCl4 signifies two molecules 
of platinic chloride, containing altogether two atoms of 
platinum and eight atoms of chlorine. If two or more 
symbols are included in brackets, any number placed out- 
side the bmckets, whether it be befcyre or after and below 
them, multiplies each symbol contained in the brackets. 
Thus both Sr(N03)2 and Sr2(N03) stand for SrNgOg. This 
may also be written Sr2N03, s^^^ce the multiplication by 
2 extends to each symbol which follows, until a break 
occurs in the formula. Thus Sr2N03.4H20 would denote 
SrN20g.Hg04, if the multiplication were carried out. 

In the seventh section of this book will be found a list 
of the elements, with their symbols and atomic weights; 
also lists of the names and corresponding formulse of most 
of the principal compound substances. Symbols and for- 
mulae are always used in the text instead of names. The 
student can readily find the corresponding names either by 
reference to the lists already mentioned, or by looking at 
the labels on the reagent bottles. 
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Chemical equations, — The student will understand that 
an equation is a short statement of ascertained chemical 
facts; and that every equation which conforms to the 
general rules stated below is not necessarily true. For the 
special purposes for which equations are used in analytical 
reactions, however, the following rules will generally suffice. 

Rules for drawing out a chemical equation, — Write down 
the formulse of the substances which are mixed together, 
with the sign of addition ( + ) between them. Then write 
the sign of equality ( = ), followed by the formulae of the 
precipitate or product formed. In most analytical reactions 
a mutual exchange of certain elements or groups of elements, 
or a double decomposition, occurs between the two com- 
pounds. A little consideration will therefore usually show 
how many molecules of the mixed substances are required 
to yield the formula for the precipitate or principal product. 
It will also be seen whether any other substance is formed 
at the same time ; and if it is formed, its formula may be 
easily deduced. 

The number of atoms of any one element on both sides 
of a correct equation must always be equal. 

Applying the above rules to the firat test for potassium 
(47), we get : — 

KCl 4- PtCl^ = K2PtCr6 . 

This statement is obtained by merely placing together the 
formulse of the substances mixed and of the precipitate 
formed. It is evidently not correct, since there are two 
atoms of K on the right hand side and only one on the left ; 
also six atoms of CI are found on the right and only five on 
the left. But this inequality is at once removed if we place 
2 before the KCl, thus : — 



2KC1 + PtCl^ = KgPtClg . 

Evidently if the above equation is correct, the precipitate is 
le only substance formed, since the number of atoms in 
e substances on the left hand side is exactly equal to that 
^e substance on the right. 
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Take now the first test for Ba (69). Our tentative state- 
ment is : — 

BaCljj + AmgCOg = BaCOg + 

But here the left hand side contains Anig and Clg more than 
the right. The equality is easily restored thus : — 

BaClg + AmaCOs = BaCOg + 2AmCl . 

This equation states that on mixing together barium chlo- 
ride (BaCLj) and ammoniiun carbonate (AmgCOg), barium 
carbonate (BaCOg) and ammonium chloride (AmCl) are 
obtained. 

In writing out these equations a systematic method 
should be observed. Write down on the left hand side of 
the equation first the formula of the substance upon which 
the reaction is being tried, then that of the reagent added. 
On the right hand side write first the formula of the pre- 
cipitate or principal product with a line drawn over it by 
way of distinction, then that of any substance or substances 
which may be formed at the same time. 

In the reactions which follow, the formulae of the substance 
used, of the reagent added, and of the precipitate produced, 
will always be given. These data are sufl5cient to enable 
the student to form the equation. Only where the equa- 
tion is exceptionally difficult or complicated will it be given 
in full. 

Abbreviations, — For convenience in hasty writing, it is not 
uncommon to employ abbreviated formulae for the compound 
radicles; especially for such as are constantly met with or are 
of unusual complexity. In the text only such abbreviations 
are employed as save the use of brackets or of numbers. Thus 
Amg is a short rendering of (NH4)2, and Hog of HgOg. 

The following are the abbreviations used : — 

Am for (NH4), the metallic radicle ammonium. 
T „ (C^H^Og), the acid radicle of tartrates. 
A „ (C2H3O2), the acid radicle of acetates. 
Cfy „ (FeCyg), in ferro- and ferricyanides. 
ffo „ (HO), the radicle occurring in hydroxides. 

F 
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The following contracted words are 


also used : — 


expi. 


for 


experiment 


insol. 


for 


insoluble. 


¥P. 


}) 


precipitate. 


soln. 


>i 


solution. 


pp^. 


}> 


precipitation. 


cryst^. 


a 


crystalline. 


^. 


>> 


precipitated. 


col**. 


n 


coloration. 


sol. 


11 


soluble. 









Entry of analytical reactions in the Note-Booh — The 
example which follows has been selected from paragraphs 
(47-50). It will serve as a specimen of the brief entry of 
reactions in the note-book. 

Potassium (K).— Used KCl . 

1. PtOl^ : stirred on watch glass: yellow cryst**® pp., sol. i n much wa ter 

_ and in KHO, msoL m alcohol: 2KC1 + PtCl4 = KaPtClc . 

2. NaHT : well shaken in a test-tube : white cryst**® pp., sol. in 

water, m KHO, and in HCl : KCl + NaHT =KHT+NaCL 
8. Flame coV*,i pale lilac, crimson through the indigo-prism; a red 

and a faint violet line at the extreme ends of the spectrum. 
4. Heated in tube or on platinmn foil : solid KCl melted, but gave no 

fumes : hence it is not volatile. 



General rules for working. 

44. The student should attend carefully to the following 
precautions. They will materially aid the progress and 
accuracy of his work, and, if observed from the commence- 
ment, they will not be felt irksome. 

1. Before commencing work, look through the reagent 
bottles belonging to the working bench (550). Replace any 
which are absent, and see that the bottles are arranged in 
the order shown by the numbers on the labels. Then proceed 
to fill any which are empty, and to relabel any whose labels 
are imperfect or loose. Also filter any of the liquid reagents 
which are not quite clear when shaken. 

2. Arrange the apparatus required for use on the back 
t of the bench, so as to leave the front part free to 

rk upon. This will lessen the risk of upsetting anything. 
! Frontispiece. 
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3. All glass and porcelain which is not in use should then 
be carefully cleansed. This ought to be unnecessary, since 
apparatus should never be put away dirty. 

4. When using a reagent bottle take it in the right hand ; 
remove the stopper by grasping it between two of the 
fingers, or between the fourth finger and palm of the left 
hand ; hold the stopper in this way while the bottle is being 
used, then replace it immediately. 

Pour a liquid reagent out of the side opposite to that 
bearing the label, and prevent the last drop from nmning 
down the outside by touching the lip of the bottle either 
with the stopper or against the clean edge of the vessel. 

Solid reagents should be taken out of the bottle on a clean 
knife-blade or horn spatula, or with a slip of clean card- 
board or paper. 

Bach bottle rrncst be restoppered and replaced on the shelf in 
its proper place with the label outwards immediately after ttse, 
and rnvst never be left standing on the working bench, 

5. If a solution or precipitate has to be put by for some 
time, always label it with a piece of gummed paper bearing an 
inscription, or a reference number which is explained in the 
note-book, and which is sufl5cient to recall to mind what the 
solution or precipitate consists of. Never trust to mem(yry 
in this matter, 

6. Brass crucible tongs must never be employed for holding 
hot evaporating basins containing acids, as some of the brass 
is apt to be dissolved and thus introduced into the solution. 
A hot dish may be moved either by holding it with a cloth, 
or by lifting the stand upon which the dish is placed. 

7. Liquids ordy are to be poured down the sinks. All 
solid refuse, such as soiled filters, broken glass, and pieces of 
charcoal, must be thrown into a box placed in an accessible 
position. 

8. When a substance is being examined to find out its 
composition, the student must fully write down in the note- 
book each test or process, with the result obtained, as soon as 
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it is completed. The analysis is thus written out gradually 
as it progresses. On no account must the entry of the results 
he left until the completion of the analysis. This rule cannot 
be too strongly enforced, as neglect of it always causes 
uncertainty and confusion. The most convenient form of 
entry is that of the Analytical Tables. 

9. Cleanliness and neatness in analytical work cannot be 
too carefully attended to. More confusion and error may 
be caused by using dirty test-tubes, beakers, dishes, and 
funnels than would be thought possible by the beginner. 
Work should also be rendered as systematic as possible, in 
order to economise time and thought. 

45. The following directions for t/rying the analytical 
reactions are important : — 

1. A solution of the substance, the reactions of which 
are to be tried, must always be employed, unless it is 
specially stated that the solid is required. Solid substances 
are usually necessary only for blowpipe reactions. A solu- 
tion may be kept in readiness, or it can be easily made 
fix)m the solid by warming it with water or in some cases 
with dilute acid (553-4). This liquid is often called the 
original solution, 

2. Take in a test-tube or small beaker about twenty 
cubic centimetres of the solution of the substance. If the 
solid substance is also required, take some of it upon a watch 
glass and powder it finely. 

3. Pour a little of the solution into a perfectly clean 
test-tube and add the first-mentioned reagent to it. A few 
drops of the reagent should be added at first. More can be 
gradually added afterwards if necessary. The student must 
from the first acquire the habit of working with small 
Quantities both of solutions and reagents. In trying each of 

e reactions a separate portion of the original solution is 
be taken. 

re trying a reaction, the student should carefully 
through the whole of the description of the results to 
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be obtained. The experiment is then to be performed, 
literally following out the directions given. It is a necessary 
condition of after success that each result should be obtained 
precisely as is stated in the text. The student must never 
on any accoimt pass on without being satisfied that the 
statements of the book are true, and that he could at any 
time repeat the test successfully. 

5. The water used for the tests and reactions must 
always be distilled water. The acids are to be used in a 
dilute condition, unless it is stated that the strong acid is 
to be employed. It will always be specified when solid 
reagents are to be used. If no special statement to the 
contrary is found, a reagent is to be used in solution. In 
all cases KHO and NaHO may be used indifferently the one 
for the other. 
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REACTIONS FOR THE METALS. 



In trying through the reactions for the metals the usual order of 
the analytical groups has been reversed, because the most simple reac- 
tions occur in the last groups and they are therefore better suited for 
a beginner. 



GROUP v.— THE POTASSIUM GROUP. 

46. This group includes K, NH^, Na, Mg. The first 
three of these belong to the group of the alkali metals. 

The members of this group are not precipitated by any 
group reagent. 

Potassium (K).— Use KCl . 

47. PtCl^y if added to some of the KCl solution on a 
watch glass and stirred gently but persistently with a glass 
rod, gives a yellow crystalline precipitate (KgPtClg), which 
forms first along the lines where the rod has rubbed the 
glass. 

Stir up the precipitate and pour off the liquid with the 
precipitate into three test-tubes. To one part add much 
distilled water and heat, the precipitate dissolves. To 
another part add alcohol, the precipitate does not dissolve. 
Hence this precipitate is soluble in water, and insoluble in 
alcohol. By warming the third portion with solution of 

50, the precipitate is shown to be soluble in that liquid. 

Since this precipitate is soluble in alkalis, a liquid to 

sh this test has to be applied, should always be 

a:al or faintly acid before adding PtCl^. It is always 

to acidify the liquid with dilute HCl, and to make 

test paper that it is slightly acid in reaction (34). 

since the precipitate is more insoluble in alcohol 
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than in water, addition of alcohol often hastens the forma- 
tion of the precipitate in dilute solutions. Owing to the 
solubility of the precipitate in water, very dilute solutions 
must be evaporated nearly to dryness and cooled before 
applying the test. 

48. NaHT, if added to some of the KCl solution in 
a test-tube, gives a white crystalline precipitate (KHT). 
The precipitate usually appears only when the mouth of 
the test-tube is closed with the thumb and the tube is well 
shaken for some time. 

Shake up the precipitate and pour it off with the liquid 
into four test-tubes. Add to these different portions, water, 
KHO, and HCl respectively ; on being shaken or warmed 
with each of these liquids, the precipitate will dissolve. 
To the fourth portion add alcohol ; the precipitate does not 
dissolve. 

In using the above test for the detection of potassium, 
the precipitate will not be obtained at once in dilute 
solutions; but its formation is much hastened by the 
addition of alcohol. Very dilute solutions must first be 
concentrated by evaporation. The solution to be tested 
should be neutral or feebly alkaline. If it is strongly acid 
in reaction, the free acid should be neutralised by the 
addition of NagCOg solution, or if the acid is volatile it 
may be removed by evaporation. Feebly acid solutions 
may be at once mixed with NaHT. To an alkaline solution 
HgT should be added until the reaction of the liquid is 
strongly acid. 

49. Flame coloration (41). — Dip a loop of platinum wire, 
which gives no colour to the flame, into some strong KCl 
solution ; or moisten the wire and dip it into some finely 
powdered KCl. On holding the loop in the flame, a pale 
lUac coloration will be seen if the KCl is pure. But what- 
ever tint is thus seen, the flame will always appear deep 
cH/mson red through the thicker parts of an indigo prism. 

The flame coloration due to potassium shows in the 
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spectroscope a red line (a) and a faint indigo blue line (fi) 
at the extreme ends of the spectrum (see page 73). A 
faint continuous spectrum is also visible. 

50. Heat a little solid KCl in a small dry test-tube j 
or powder it finely and heat it on a piece of platinum foil. 
The KCl will melt, but it will only pass into vapour and 
produce slight white fumes when it is heated very strongly. 
This proves that potassium salts are only slightly volatile 
even at a bright red heat. The fused residue is often 
transparent and invisible ; its presence is detected, however, 
by a slight crackling being heard during the cooling of the 
foil or the test-tube. 



Ammonium (NH^). — Use NH^Cl . 

51. KHOy if poured into some of the solution, or upon 
the solid, and heated, gives off ammonia gas, 

NH4CI + KHO = NH3 + KCl + H2O , 

which is recognised by the following properties. 

a. By its pimgent smell, which is that of common smell- 
ing salts. 

6. By turning moistened red litmus paper blue, or tur- 
meric paper brown. Wet a small piece of the test paper 
with distilled water, and place it upon the end of a glass 
rod. Then hold the rod in the test-tube, taking great care 
not to bring it into contact with the liquid or with the sides 
of the tube. The change of colour will take place. 

c. By yielding white fumes with an acid gas or vapour. 
Hence if a glass rod or stopper, wetted with strong HCl, 
HNO3, ^^ ^^> ^^ ^®^^ ^^^^ *^® mouth of the test-tube, dense 
white fumes will be seen. 

52. FtCl^, when stirred on a watch glass with some AmCl 
lution, gives a yellow crystalline precipitate (AmgPtClg). 

is precipitate is soluble in water and in KHO, but in- 
Ae in alcohol. If it is boiled with KHO, it evolves 
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NHg, differing in this way from KaPtClg. The remarks in 
the last paragraph of (47) apply to this reaction. 

53. NaHT^ when shaken for some time in a test-tube with 
AmCl solution, gives a white crystalline precipitate (AmHT). 
This precipitate is soluble in HgO, in KHO, and in HCl ; 
but it is insoluble in alcohol. The remarks in the last 
paragraph of (48) apply to this reaction. 

54. Flame coloration. — Pure AmCl gives no flame colora- 
tion. But since ammonium salts almost invariably contain 
a trace of sodium, they usually impart a yellow colour to 
the flame. 

b^. Heat a little solid AmCl on a piece of platinum foil. 
It will be converted into vapour and will produce white 
fumes. These fumes are best seen if the foil is removed for 
a moment from the flame. . The solid at last entirely dis- 
appears, showing that AmCl is completely volatile. 

Repeat the experiment by heating a small piece of solid 
AmCl in a dry test-tube. The solid can be completely 
volatilised, and is condensed as a white coating or sMimate 
on the upper part of the tube. 



Sodium (Na). — Use NaCl . 

56. Flame coloration. — NaCl gives an intense yellow colour 
to the flame. The colour is either invisible or appears only 
pale blue when viewed through the indigo prism, and never 
shows the slightest tinge of red when seen through the thicker 
parts of the prism. A crystal of red potassium dichromate 
appears colourless if illuminated by this yellow flame. 
When examined by a small spectroscope, the sodium colora- 
tion gives a single yellow line a, see page 73. 

The yellow coloration of the flame due to sodium is always 
readily seen, since it overpowers that due to potassium. 
Its production is the most delicate and trustworthy, and 
often the only possible, test for sodium. 

If both potassium and sodium are present, the potassium 
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coloration is unseen, and the yellow coloration of sodium 
is alone visible. But on examining this flame through the 
indigo prism, the crimson coloration of potassium is at once 
seen. Prove this by mixing together KCl and NaCl solu- 
tions and examining the flame coloration both with and 
without the indigo prism. Look at this coloration also 
through the spectroscope ; the lines of Na and K will be 
distinctly separated from one another. 

67. Heat a little solid NaCl in a dry test-tube or on 
platinum foil. It will melt without producing white fumes 
unless it is heated very strongly, showing that NaCl is only 
slightly volatile at a ]?right red heat. 



Magnesium (Mg). — Use MgS04.7H20 . 

The THgO represents the water of crystallisation always present itt 
the solid state in the crystallised salt. Water of crystallisation i» 
entered in this way throughout the book. 

58. Na^HPO^ added after AmCl and AmHO, gives a 
white crystalline precipitate (MgAmPO^). If much water 
is present, this precipitate forms only when the liquid is 
warmed and well stirred or shaken. It is soluble in HCl 
and in other acids, but is insoluble in AmHO : — 

MgS04 + AmHO -h NaaHPO^ = MgAmP04 -h Na2S04 -h HgO . 

59. KHO gives a white precipitate (MgHgOg), readily- 
soluble in acids. 

60. AmHO gives a white precipitate (MgHgOg); but if 
AmCl is added before the AmHO, no precipitate is pro- 
duced. 

61. Am<fiO^ gives a white precipitate (MgCOg) only in 
strong solutions and on standing for some time. AmCl 

revents the formation of this precipitate. 

62. Flame coloration, — Pure MgS04 solution gives na 
^ur to the flame. 
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63. Blowpipe test, — If a little solid MgSO^.THgO is placed 
in a small cavity on a piece of wood charcoal, and is then 
heated in the tip of the outer blowpipe flame (39), it shines 
brightly and gives a white unmelted mass of MgO. No 
white fumes are given off since MgO is not volatile. If this 
white mass after cooling is moistened with several drops of 
cobalt nitrate solution, and is then again heated to white- 
ness for some time in the outer blowpipe flame, it assmnes 
a delicate pink colour. This colour is best seen when the 
mass is quite cold by comparison with a piece of white 
paper held near the residue on the charcoal. 



Detection op one metal in Group V. 

64. After having carefully worked through the reactions 
for the metals in the fifth group, the student should proceed 
to apply the experience thus acquired to the detection of one 
metal belonging to this group. A salt containing only one 
of these metals having been supplied, separate portions of it 
should be subjected to the tests given in the first column of 
the following Table of Differences (65). 

A glance at this Table will show that those tests have 
been selected which best serve to distinguish the metals of 
this group one from another. The order in which these 
tests are placed is also such as will best serve this object. 
It will be evident that it is never necessary to try the whole 
of the tests upon any one substance. The presence of the 
metal detected by one test should, however, be confirmed by 
another test selected for that purpose. The third and fourth 
tests are also manifestly alternative ones, the use of NaHT 
being preferable to that of PtCl4 for economical reasons. 

A selection is made from the first four tests in examining 
a liquid. A solid substance should be first subjected to the 
fifth and sixth tests, a portion of the solid dissolved in 
water being afterwards examined by the earlier ones. 

As 6ach test is made, the result yielded by it is carefully 
observed. Occasionally no change is noticed j this is indi- 
cated by a blank in the column to the right. If any result 
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is noticed, it is looked for in the columns to the right ; it 
will indicate the presence of that metal which heads the 
column in which the result stands. 

Sodium is rarely entirely absent from any substance. The 
quantity present may be judged by the intensity of the 
yellow coloration. Unless this is very intense, the presence 
of a trace of sodium should be noted down, and another 
metal should be looked for. 

The student will naturally take advantage of the aid 
afforded by the spectroscope in examining the flame colora- 
tion (42). 

The following example of the entry of a simple analysis 
will illustrate both the method of selecting the tests and of 
entering the work done : — 

A solid white substance was given to be tested for one metal in 
Group V. 



Test. 


Observation. 


Inference. 


1. Heated in an ignition 
tube. 

Z Heated on charcoal in 
the blowpipe flame. 

Dissolved part qf the 
substance in water. 

3. Held a drop on a plat- 

inum wfre loop in 
the flame. 

4. Stin-ed a little of the 

solution with a few 
drops of PtCl4 on a 
watch glass. 


Substance fused, but did 
not Tolatilise. 

Substance fused, and 
sank into the charcoal. 

A pale lilac flame colo- 
ration, which appeared 
crimson through the 
indigo prism. 

A yellow precipitate 
formed. 


Absence of NH4. 
Presence of E or Na. 

Presence of K. 
Presence of E. 


Found K, 



Several simple unknown salts of the metals of Group V. 
should be examined in this way by the Table (65), the 
results being carefully entered in the note-book. 
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66. Group V. — Table op Dippbbbnobs. 



Tests. 



FortoluHoni, 

1. BoU with KHO 
■olntiQii : 



1 Heat in the 
Bnnsen flame 
OQ a clean pla- 
tinnm wire: 



8. Add PtCl4 
make slightly 
add with di- 
lute HCl, and 
stirTliscaronsly: 



4. AddNaHTand 
shake well: 



For solids only. 

5. Heat to red- 
ness in a dry 
test-tube, or on 
platinnm foil : 



9. Heat strongly 
on charcoal in 
the outer blow- 
pipe flame: 



K— salts. 



PcUe lUae flame. 
which appears 
crimson through 
the indigo- 
prism. 



Yellow crystal- 
line precipitate, 
forms only in 
strong solu- 
tions. 



White crystalUne 
precipitate In 
strong solu- 
tions. 



Non-ydatile, un- 
less heated to 
bright redness. 



Easily fusible, 
sinking into the 
charcoal, and 
colouring the 
flame pale vio- 
let. (See 2.) 



NH4— salts. 



NH* gas given 
off: known by 
its smell and by 
turning moist 
red litmus blue; 
it also gives 
dense white 
fames with 
strong HCl. 



Yellow crjrstal- 
line precipitate, 
forms only in 
strong solu- 
tions. 



White crystalline 
precipitate in 
strong solu- 
tions. 



Volatile; white 
fames are given 
off and the sub- 
stance passes 
into vapour, at 
least puHally, 
forming a sub- 
limate on the 
upper part of 
the tube. 



Volatile, giving 
off white fumes. 



Ka^-^alts. 



httenu ydloto 
flame, which 
shows no tinge 
of red throng 
the indigo- 
prism. 



Mg— salts. 



White precipitate. 

Ckmflrm by 
adding AmCi, 
AmHO, and 
Na,HP04, to a 
fresh part of 
the solation 
(«8). 



Non-volatile, un- 
less heated to 
bright redness. 



Easily fusible, 
sinking into the 
charcoal, and 
colouring the 
flame mtense 
yellow. (Sees.) 



Non-volatile. 



White hifusible 
residue is left, 
which If moist- 
ened with 
Co(NOs)s solu- 
tion and re- 
heated becomes 
pink. 
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Detection op Metals in Group V, 

Paragraphs, the numbers of which are marked with an asterisk, may 
be omitted by students who are learning the analysis of simple salts 
only. 

66.* When more than one metal of the fifth group is 
present in the substance to be examined, the possibility of 
interference in the reactions arises. It should be remem- 
bered, however, that — 

1. NH4 may be always detected by the evolution of NH3 
on boiling the substance with KHO solution. 

2. Na can always be found by its yellow flame coloration. 

3. Mg is indicated with certainty by its precipitation by 
KHO solution, and by NagHPO^ in the presence of AmCl 
and AmHO. 

4. K may always be found by a crimson flame coloration 
seen through the indigo prism, or by the red line in its 
spectrum. 

5. The test for K by means of PtCl^ or NaHT is only 
conclusive in the absence of NH^. If NH^ is present, there- 
fore, its salts must be removed by ignition before K can be 
tested for by precipitation. 

The student should now proceed to examine by the Table 
(67) several solutions containing two or more metals of the 
fifth group. The composition of each solution should be 
unknown to him ; and by trying the tests in the order given 
in the Table upon separate portions of the solution, the 
metals present should be discovered. Only one of the 
observations recorded against each test will be made. In 
future tables the bracketed paragraphs, which concern the 
absence of the metals, will be omitted. 

The flame coloration obtained in Exp. 2 of this Table 
should be examined by the spectroscope. 
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67.* Table fob testing fob Mg, K, Na, NH4, m a 

80LT7TION WHIOH MAY CONTAIN ALL OF THEM. 



Experiment. 



I. Add to a small part of 
the solution AmCl, then 
AmHO and NajHPOf, 
shake well and allow 
to stand if no precipitate 
appears at once. 



Observation. 



1. A white 
forms. 



precipitate 



Inference. 



[2. No precipitate appears.] 



n. Dip a small loop of 
dean platinum wire into 
the solution, and hold it 
near the top of the 
Bonsen flame. 



1. A yellow flame. 

Look at the yellow flame 
through the indigo- 
prism; a crimson red 
colour is seen. 

2. A pale violet flame, ap- 
peiulng crimson red 
when seen through the 
indigo-prism. 

[8. No colour is imparted 
totheflamej 



Presence of Mg. 
[Absence of Mg.1 



Presence of Na, possibly 
also of K. 



Presence of K. 

Pretence of K and absence 
ofNa. 



[Absence of K and Na4 



nL Bon some of the solu- 
tion in a test-tube with 
EHO solution, and try 
whether NHs is given 
off by smeUing; or if it 
cannot be smdt, by test- 
ing with moistened red 
litmus-paper or strong 
HCl. 



1. NHg gas is smelt, or the 
red litmus becomes blue, 
and white fumes are ob- 
tahied with HCl. 

[2.. No NHg is smelt, and 
moist red litmus paper 
is not blued, neither are 
white fumes obtained 
with Ha.] 



Presence of NH4. 



[Abtence of NH4.] 



IV. A confirmatory test for K may be made by adding PtCl4 or NaHT. If 
^n>. in. has shown that NH4 is present, proceed to test for K by column A; if 
NH4 is absent, test for K by column B (66, 6). 



I 



A. 

Bon some more of the solution down 
to dryness in a porcelain dish; scrape 
out the white substance left in the dish, 
and heat it strongly on a idece of plati- 
num-foil as long as any white fumes are 
seen to be given dl when the fdl is 
taken out of the flame for an instant. 
Place the f ofl when cold in a test-tube, 
and boil it with very little water, to 
which a drop of dilute HCl has been 
added, and evaporate to several drops; 
cool the liquid, and pour it out upon a 
watch glass, add a Itttle PtCl^, and stir 
well: — 

A yellow precipitate 'j^Freeence of K. 



B. 

Pour a little of the solution upon a 
wat«h glass, add PtCl^, and stir well : a 
yellow precipitate i^Preeenee cfK, 

If no predpitate forms, K may never- 
theless be present, the solution befaig too 
dilute to allow the predpitate to form; 
therefore pour some of the sdution into 
a porcdain dish, boil down nearly to dry- 
ness, cool and test this liquid by stbring 
it with PtCl4 on a watch g^ass, adding 
alcohol if the predpitate does not appear 
at once : a yellow predpitate x—Preutnce 
ofK. 

ilToto.— Addition of alcohol willjf requently 
produce the predpitate without eva- 
poration. 



% 
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GROUP IV.— BARIUM GROUP. 

68. This group includes Ba, Sr, Ca. 

These metals differ from those of Group V. by being pre 
cipitated as carbonates by AmgCOg, even in the presence of 
AnuCl. They are not precipitated by any other group 
reagent. The carbonates are soluble in boiling solution of 
AmCl. 



Barium (Ba).— Use BaCl2.2H20 . 

69. Am^CO^y added after AmCl, causes a white precipitate 
(BaCOg). This precipitate is at first flocculent, but it slowly 
shrinks in bulk and becomes crystalline if the liquid con- 
taining it is gently heated and then allowed to stand. 
Prove that this precipitate is soluble in HA. 

70. CaSO^f or HoSO^, causes a heavy white precipitate 
(BaSO^), which is insoluble in HCl even on boiling. 

71. K^rO^y added after some HA, produces a yellow 
precipitate (BaCrO^), which is soluble in warm HCl, but 
differs from SrCrO^ by being insoluble in warm HA. 

72. H^iF^ produces a semi-transparent precipitate (BaSiFg). The 
precipitate does not appear in dilute solutions until after some time, or 
until the liquid is boiled, or alcohol is added: shaking or stirring the 
liquid hastens its formation. H2SiFg yields no precipitates with solu- 
tions of Sr and Ca salts. 

73. AmJu^O^ produces a white precipitate (BaC204). 

74. Flame coloration: BaCl2 gives a yellowish-green 
colour to the flame, visible through the indigo prism. 

The spectrum (p. 73) consists of a number of lines, 
most characteristic of which are three green lines, a, )S, -j 
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Strontium (Sr).— Use Sr(N03)2.4H20 , 

75. Am^GO^^ added after some AmCl, gives a white pre- 
cipitate (SrCOg), which is soluble in HA. This precipitate 
is flocculent at first ; but it quickly becomes crystalline and 
shrinks very considerably on standing or when heated. 

76. CaSO^y or H^O^ gives a white precipitate (SrS04). 
This precipitate does not usually form in a cold solution at 
once, but only after standing for some time. The precipitate, 
however, appears at once on boiling the liquid, 

77. K^CrO^y added after some HA, causes no precipitate, 
since SrCrO^ is soluble in HA. 

78. Am^Oj^^ produces a white precipitate (SrC204). 

79. Flame coloration: crimson red; this colour appears 
inteTise red through the indigo prism iinless the flame colora- 
tion is very faint. ^i-* 

The strontium spectrum contains many lioH^Hkmost 
characteristic are the orange line (a), the f^V^^Hv^' >)' 
and the blue line (S). ^"f^^^ 



Calcium (Ca).— Use CaCl2.6H20 . 

80. Am^CO^ added after AmCl : white precipitate 
(CaCOg), soluble in j^ . This precipitate is flocculent at 
flrst, but shrinks co^H|rably and becomes crystalline after 
standing for some f ii^^or whenE is gently heated. 

81. CaSO^ : no precipitate, even when the liquid is allowed 
to stand, or is boiled. 

82. H^O^ : a white precipitate (CaSO^) forms at once in 
strong solutions, and often in weak solutions when th«y are 
boiled ; but some CaSO^ will always remain dissolved, since 
it is not quite insoluble in water. 

Prove this by boiling the liquid containing the precipitate 

' filtering it. Then keep adding AmHO to the filtrate and 

Qg it until a drop of the solution turns red litmus paper 

and the liquid smells of NHg. Then add AmgCgO^, a 



\ 
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white precipitate will form, showing the presence of Ca (85) 
which muBt have been diasolved as CaS04. 
83. K^CrOi-- no precipitate. 

85, Am^C^O^: white precipitate (CaC^OJ, soluble in moat 
acids, but insoluble in HA and in HgCjO, . 

86, Flame coloration: yellowish-red. This colour when 
viewed through the indigo prism does not appear red but 
dtiyy green, thus differing from that given by Sr. 

In the calcium spectrum the roost characteristic lines are 
the green line (fi) and the intense orange line (a). 



87. Gboup rV, — Table op Dipferkncbb, 

The firrt three tests only need be used for the detection of a member of 
this grcnp occurrini; by itself in solution! testl serveBalBo for solids. 

The HjiiiiP colocatioji olitniiied in Exp. 1 should be e.tamiaeil by tlio 
Epectnwoope. 
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Sbparation and Detection of Metals in Group IV. 
88.* The following differences axe made use of : — 

1 . The different flame colorations yielded by these metals, 
examined if necessary through the indigo prism, or by means 
of the spectroscope. 

2. The difference in the behaviour of their solutions with 
CaSO^ solution, which at once indicates the presence or 
absence of Ba, or of Sr in the absence of Ba. 

3. The insolubility of BaCrO^ in HA, and hence the 
possibility of separating Ba, if present, by adding HA and 
then KgCrO^ . 

4. The fact that Sr but not Ca can be precipitated by 
CaSO^ on boiling. This reagent will therefore indicate the 
presence of Sr in the absence, or after the separation, of Ba. 

5. The complete precipitation of Sr, if present, by boil- 
ing the solution with HgSO^ ; sufficient CaSO^ still remain- 
ing in solution to give in the filtrate, made alkaline with 
AmHO, a precipitate of CaCgO^ on addition of AmgCgO^ . 

89.* A solution which has to be examined for Ba^ Sr, and 
Ca, and can contain only these substances, is first made 
alkaline, if it is n^dM||^y so, by j^e addition of AmHO. 

AmgCOg is then^^^B'dls long al its addition causes any 
further precipitate^^Hpe H^uid nas been stirred well and 
allowed to settle. Tire liquid is then filtered. A little more 
AmgCOg is added to the clear filtrate, and if this causes any 
further precipitate more AmgCOg is added, and the liquid is 
again poured through the same filter. 

As soon as the filtrate gives no further precipitate with 
AmgCOg, all the members of this group which were present 
in the solution will have been precipitated as carbonates, 
and on filtration will be obtained on the filter. The pre- 
cipitate is then examined by Table IV. (438). 
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GROUP IILa,— IRON GROUP. 

90. This group includes Al, Fe, Cr. 

The members of this group differ from those of Groups 
III.B, IV. and V. by being precipitated by AmHO after 
addition of AmCL They are not precipitated however by 
the group re-agents for Groups II. and I. This group is 
also precipitated by AmgS, or by HgS added to the alka- 
line solution. Group III.a. further differs from Group 
III.B. in being completely precipitated by adding BaCOg 
shaken up with water ; this reagent affords the most perfect 
means of separating these two sub-groups. 

The members of this group show no characteristic flame 
colorations; but, with the exception of Al, they impart a 
characteristic colour to the borax bead. 



Aluminium (Al).— Use AlAm(S04)2.12H20. 

91. AmHO : white flocculent precipitate (AlgHgOg), which 
is seen best on boiling the liquid. It is soluble in HCl, 
in HA, and slightly soluble in AmHO in the absence of 
AmCl :— 2AlAm(S04)2 + 6AmH0 = AlgH^Og + 4Am2S04 . 

92. KHO added in very small m^B^ : white flocculent 
precipitate (AlgHgO^), soluble in*^^^Bf KHO. If to a 
part of the KHO solution H^ is^^BF gradually until it 
is neutral, the AlgHgOg is reprecipi^ed. If more acid is 
added the precipitate dissolves, but it reappears on adding 
AmHO in slight excess. From another portion of the 
KHO solution the Al2HgO(. may be reprecipitated by the 
addition of sufficient AmCl solution. 

93. Arn^S: same precipitate (AloH^Og), H2S gas being 
evolved or remaining dissolved in the liquid : — 

2A1 Ani(S04)2 + 3Am2S + 6H2O = AlgHgOg + 4Am2S04 + SHgS. 

94. Bloiopipe test — Heat some solid AlAm(S04)2.12li 
m charcoal in the outer blowpipe flame ; then moisten \\ 
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after cooling, with Co(N03)2 solution and again heat it in 
the outer flame ; a ime blue mass will be obtained. 



Iron (Fe).— Use FegClg, and FeSO^.THaO . 

95. Two classes of iron compounds are known, which differ in ap- 
pearance and properties and behave differently with reagents. They 
are distinguished as ferrous and ferric compounds respectively. In 
the former class the metal may be distinguished by the name /errosi^?/! 
and by the symbol (Fe"), and in the latter by ferrimm (Fe'")* The 
dashes following the symbol denote the number of CI atoms, or their 
equivalent, which are combined with one atom of Fe in its compounds. 

It is usual in stating analytical results to mention in which state of 
combination the iron exists, and therefore some distinctive tests are 
described below (101). 

The whole of the reactions of ferrous compounds are not given, be- 
cause Fe is always separated and detected in the course of analysis as 
a ferric compound, and ferrous compounds are found by special tests 
tried upon the original substance. 

Ferrous are readily converted into ferric compounds by boiling them 
for a short time with a little strong HNO3, ^^ ^i^h HCl and a crystal 

of KCIO3. 

Both classes of compounds give the same results in the blowpipe 
reactions (99, 100). 

Ferric salts are usually yellow or reddish yellow; ferrous salts are 
usually pale green, or white if perfectly anhydrous. 

Use FgCle solution for reactions (96-98); and solid FeS04.7HaO 
for (99, 100). In preparing FeS04 solution for (101), crush a crystal 
of the solid substance and shake it in a test-tube with cold water. 

96. AmHOi <^ KHO : reddish-brown flocculent precipi- 
tate (Fe2HgOg) : insoluble in KHO, soluble in HCl. 

97. Am^S: a black precipitate (FeS), mixed with white 
sulphur. FeS is soluble in boiling acids, but insoluble in 
KHO :— FegClg + 3 Am2S = 2FeS+S + 6 AmCl . 

In a very dilute iron solution a green colour only is 
produced at first by AnigS, but black FeS separates after 
the liquid has stood for some time. 

98. H^ gas passed into the solution, or added as 
HgS-water: black precipitate (FeS) in alkaline solutions. 
In neutral or acid solution sulphur is precipitated and the 
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ferric is changed into a ferrous salt; the colour of the 
solution therefore changes from yellow to pale green, as is 
seen after boiling and filtering a strong solution : 

FegClg + H2S = 2FeCl2 + 2HCa + S . 

99. Fused with Na^CO^ on charcoal in the inner blowpipe 
flame, a solid iron compound leaves a grey powder. This is 
shown to be magnetic by being attracted when touched 
under water with the end of a magnet, or with the point 
of a magnetised knife-blade (39, 40). 

100. A borax head (38) containing Fe, is reddish-hrovm 
while hot, and yellow when cold, after having been fused in 
the outer blowpipe flame : after fusion in the inner flame it 
is olive green, 

101. Distinctive tbsts for Fbrrous and Ferric salts. 

For these tests several drops of dilute HCl should be first added to 
the Fe solution. 



Reagents to be added. 



1. KtFeCpe added in 
small quantity : 



2. Ke{FeCy9)2 : 



3. KCySi 



4. KHOi 



Ferric-salts. 
(Use FejCls solution.) 



Dark-Hue precipitate, " Pmssian 
blue"; Insoluble in HCl*, 
soluble in H2C204,and slightly 
soluble in K4FeCye added in 
excess; tumol brown by KHO. 

ilTo precipitate: the solution 
darkens, but on dilution with, 
water is seen to contain no 
precipitate. 



Blood-red coloration: no pre- 
cipitate is produced, the liquid 
being perfectly clear on dilu- 
tion; the colour is immedi- 
diately destroyed when several 
drops are poured into some 
HgCls solution: itsproductionjbi 

hindered by HNO3 and by HA. 
Eeddish-brown precipitate. 



Ferrous-salts. 
(Use FeSOf solution.) 



Light-blue precipitateyhe- 
coming dark-blue in the 
air, or on addition of 
HNOs or Br-water. 



Dark-blue predpitate^ 
"TumbuH's blue": 
Insoluble in HCl. In 
very dilute scdution 
only a dark bluish grey 
colour is produced. 

No red coloration tmless 
small quantities of 
ferric-salts are present. 



Ditigy-ifreen precipitate, 
turning brown in the 
air. 



* The solubility and insolubility of this precipitate must be shown by 
warming separate portions of the blue liquid containing the precipitate 
with HCl, H2C3O4 and K4FeCy4{, then separately filtering each : if the 
precipitate has been dissolved the filtrate ^dll be dark blue. 
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Chromium (Cr).— Use CrK(S04)2.12H20. 
Chromic salts are usually bluish-green or violet in colour. 

102. AmHO : pale bluish-green or purple precipitate 
(OgHgOg). If AmHO is added in large quantity and the 
liquid is heated, some of the precipitate dissolves, producing 
a beautiful violet-red solution. The colour of the liquid is 
best seen after filtering oiF the precipitate. From this solu- 
tion the OgHgOg is reprecipitated on boiling the liquid for 
several minutes in a porcelain dish. 

103. KHO, if added in small quantity, gives the same 
precipitate (CrgHgOg). If more cold KHO is added, the 
precipitate is entirely dissolved to a green fluid. On diluting 
this liquid with water and boiling for several minutes, the 
CrgHgOg is reprecipitated and the liquid becomes colourless. 
AmCl added to the KHO solution also reprecipitates the 
CrgHgOg. 

Add to the green liquid, obtained by adding KHO in 
excess to the chromium solution, a little red lead or lead 
peroxide (PbOg) ; then boil the liquid for a short time. A 
yellow liquid is obtained, from which a yellow precipitate 
(PbCr04) is thrown down on the addition of HA in excess. 

104. Am2S also precipitates CrgHgOg, HgS gas being 
given off or remaining dissolved. See the reaction in 
paragraph (93). 

105. FuLsion of a solid substance containing Cr with 
NagCOg and KNOg on platinum or porcelain yields a yellow 
mass, owing to formation of NagCrO^. On dissolving this 
in boiling water a yellow solution is obtained. If this solu- 
tion is acidified with HA and boiled for a few minutes to 
drive off COg, it gives with PbAg solution a yellow pre- 
cipitate of PbCr04. 

106. A horoM head containing Cr is green after having 
been fused either in the outer or in the inner blowpipe flame. 

Or forms two classes of compouds. lu one class Cr in combination 
with oxygen acts as an acid-radicle : this class includes the chromates 
such as K2Cr04 and KgCrjOy ; they are usually yellow or reddish in 
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colour. But Cr also forms a series of salts in which it acts as a metallic 
radicle ; these are usually green or violet and give the above reactions 
for Cr. The latter compounds pass by oxidation into the former in re- 
actions (103, 105), where the oxidation is caused by PbOg and by KNO3 
respectively. Chromates pass by reduction into green chromic com- 
pounds ; examples of this change will be found under the tests for 
chromic acid (286). 



107. Group III. a. — ^Table of Differences. 



Tests. 


Al— salts. 


Fe^'-salts. 


Fe"- salts. 


Civ-salts. 


For liquids. 

1. AddAmHO: 

2. Add KHO : 

8. AddKCySand 
a few drops of 
HCl: 


White flocculent 
precipitate. 

White flocculent 
precipitate, 
easily soluble in 
excess of KHO^ 
not repreeipi- 
tated on dilut- 
ing and boiling 
for some time. 


Reddish hrovm 
flocculent pre- 
cipitate. 

Reddish hrown 
flocculent pre- 
cipitate, inso- 
luble in excess 
of KHO. 

Deep blood red 
coloration, de- 
stroyed by pour- 
ing into HgCls 
solution. 


Dingy grem pre- 
cipitate, rapidly 
turning brown 
wlien left ex- 
posed to the air. 

The same preci- 
pitate as with 
AmHO, inso- 
luble in excess 
of KHO. 

ilTo CO tora<ion un- 
less Fe"' is also 
present. 


Pafe^een floccu- 
lent precipitate, 
colour unal- 
tered by expo- 
sure to air. 

PdU green preci- 
pitate, soluble 
in excess qf cold 
KHOt but re- 
precipitated on 
diluting and 
boiling for some 
time, 




Bhtepipe tests 
for solids. 

4. Fuse with 
Na^COa and 
K^'^03 on pla- 
tinum foil : 

5. Heated on 
charcoal : 

^ Pnsed in horax 
bead: 


If moistened with 
Co(N08)2 solu- 
tion and re- 
heated strongly 
gives define blue 
mass. 


On cooling, a 
white mass of 
Na^COs re- 
mains, with 
dark brown 
particles of 
FcaOa. 

In inner flame 
mixed witli 
NajCOa gives a 
grey magnetic 
powder. 

Reddish yellow 
in outer flame. 
Greenish yellow 
in inner flame. 


Same as Fe^'. 

Same as Fe*'. 
Same as Fe^. 


On eooUng, a 
pdlow mass 

solution in HA, 
gives a yellow 
precipitate with 

PbA, 

Orem both in 
outer and tamer 
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Separation and Detection of Metals in Group III.A. 

108.* The following diflferences are utilised : — 

1. The solubility of AlgHgOg in boiling KHO, in which 
FegHgOg and CigHgOg are insoluble. 

2. The conversion of CrgHgOg by fusion with NagCOg and 
KNO3 into soluble NagCrO^: FcgHgOg when thus treated 
remaining as FcgOg, which is insoluble in water. 

3. Cr is then detected by the yellow colour of the solution 
of NagCrO^ in water, and by the formation of a yellow pre- 
cipitate on acidifying it with HA and adding PbAg. 

4. Fe is found by the blood-red coloration obtained on 
adding KCyS to the FcgOg dissolved in HCL 

109.* A solution which may contain Al, Fe, Cr^ is ex- 
amined in the following manner : — 

To a few drops of the liquid acidified with HCl add a 
little K^FeCyg! if a blue precipitate is produced Fe is 
present. This portion is rejected. 

Two other small portions of the acidified solution are 
then tested; one with Kg(FeCyg)2, which by giving a dark 
blue precipitate would show the presence of Fe"; the other 
with KCyS, which may cause a blood-red colour proving the 
presence of Fe'". 

Boil the rest of the solution, adding a few drops of strong 
HNO3 ^^ ^®" ^s present. Add some AmCl, then AmHO 
gradually until the liquid after being well stirred is just 
alkaline and smells faintly of NH3. Boil, filter, and ex- 
amine the precipitate by Table III. a (436), disregarding all 
the appended notes. 
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GROUP III.B.— ZINC GROUP. 

110. This group includes Zn, Mn, Ni, Co. 

Compounds of these metals differ from those of metals of 
Groups IV. and V. by being precipitated from their neutral 
or alkaline solutions by AmgS, and from their alkaline solu- 
tions by HgS. They are not precipitated by the group 
reagents for Groups III.a, II. and I. Mn is, however, 
gradually precipitated by oxidation, if its solution mixed 
with AmCl and excess of AmHO is exposed to the air. 

The compounds of the metals of this group show no 
characteristic flame colorations ; but with the exception of 
those of Zn they give characteristic colours to a borax bead. 

Finely powdered BaCOg does not precipitate the com- 
pounds of the metals of this group from their solutions as 
it does those of the metals of Group III.A, unless they are 
present as sulphates. 



Zinc (Zn).— Use ZnSO^.THgO . 
Zinc salts are usually colourless. 

111. Am^S: white precipitate (ZnS). This precipitate 
often appears yellow from the presence of excess of yellow 
AmgS in the liquid. Its true colour is seen in the next 
reaction, or it is evident when the precipitate produced by 
AmgS is separated from the liquid by settling or filtration. 
Prove the solubility of this precipitate as is directed in the 
next paragraph. 

112. ^2*^.- white precipitate (ZnS). Zn is only partly 
precipitated by HgS from a neutral solution, since HgSO^ is 
formed in which ZnS is soluble: — ZnSO^ + HgS = ZnS + 
H2SO4. But if NaHO or AmHO is added to neutralise the 
H2SO4 , the Zn may be entirely precipitated. Addition of 
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sufficient NaA solution also causes complete precipitation, 
since the HgSO^ in the solution is thus replaced by HA, in 
which ZnS is insoluble : 

ZnSO^ + HgS + 2NaA = ZnS + Na2S04 + 2HA. 

Add to some ZnSO^ solution AmCl, then AmHO until it 
is alkaline, and then HgS. White ZnS will be precipitated. 
Add to separatie portions of this liquid HCl, HA and AmgS ; 
ZnS will be found to be soluble in HCl and insoluble in HA 
and in AmgS. 

The tests which show the solubility of the sulphides of the metals of 
this group are best tried on the precipitate obtained by the addition 
of AmCl, AmHO in excess and H^S, unless freshly prepared colov/rless 
Am^S can be obtained, since the yellow polysulphide solution causes 
sulphur to precipitate : ZnS04 + Am^Sg = ZnS + S + Am2S04 . 

113. KRO added in small quantity gives a white precipi- 
tate (ZnHgOg). If more KHO is added, this precipitate 
dissolves, but it is formed again on adding much water and 
boiling. The Zn may also be precipitated as ZnS from the 
KHO solution by the addition of HgS. 

114. Mix some finely powdered ZnSO^.THgO and NaaCOg 
in a small cavity on wood charcoal. Heat the mixture in 
the inner blowpipe flame. An incrustation is obtained on 
the charcoal, which is yellow while hot and white when cold. 
It cannot be driven away by the outer blowpipe flame, but 
is easily removed by the inner flame. Moisten this incrus- 
tation when cold with cobalt nitrate solution and heat it 
strongly in the outer blowpipe flame ; it becomes green. 

The above changes of colour are more distinctly obtained by heating 
a little solid ZnO in an ignition tube or in the outer blowpipe Aame on 
charcoal; the oxide is yellow while hot and white when cold. If it is 
moistened on charcoal with Co(N08)3 solution and then reheated in the 
outer blowpipe flame, the ZnO becomes green. 



Manganese (Mn). — Use MnClg, or MnSO^ . 

Manganous salts are usually of a pale piiik colour. Alkaline man- 
ganates are green, permanganates are y^irple. 
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115. Am^: flesh-coloured or pale pink precipitate (MnS). 
The colour of this precipitate is best seen on filtering it 
from the yellow AnigS. The precipitate occasionally be- 
comes dark green after standing for some time. The colour 
of the moist filtered precipitate always changes by oxidation 
to dark brown on standing in the air (118). For the solu- 
bility of this precipitate see (116). 

116. H^ precipitates MnS partly from neutral solutions, 
entirely from alkaline solutions, but not at all in presence 
of free HCl or HA. Add to some MnClg solution AmCl, 
AmHO in excess, and then HgS; and show with separate 
portions of the precipitate that MnS is soluble in HCl and 
in HA, but is insoluble in AmgS. 

117. KHO: white precipitate (MnHgOg), quickly turning 
brown by oxidation. This change is most rapid when the 
precipitate is filtered ofi*. The precipitate is insoluble in 
excess of KHO. 

118. AmHO gives the same precipitate. If sufl&cient 
AmCl is first added, however, AmHO produces no immediate 
precipitate. The solution, on standing exposed to the air, 
gradually turns brown by oxidation, and the Mn is ulti- 
mately precipitated as a brown hydroxide. 

119. Any solid substance containing Mn, when fused in 
the outer blowpipe flame with a mixture of NagCOg and a 
little KNO3 upon platinum foily yields a bluish green mass 
on cooling. The mixture should be fused by heating the 
under surface of the foil with the tip of the blowpipe flame, 
and the flame must not come into contact with the mixtttre. 

The test may also be made by fusing a mixture of^N^COg 
and KNO3 into a bead in a loop of platinum wire, ^md then 
fusing the substance into this bead by heating it* in the 
extreme tip of the outer flame. 

This reaction is very delicate. 

119a. A solid containing Mn, when fused with NajCOs on charcoal 
in the inner blowpipe flame, yields a grey magnetic powder (39, 40). 

120. A borax bead containing very little Mn will be violet 
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red whilst hot and amethyst red when cool, after fusion in 
the outer blowpipe flame. When heated in the inner flarae 
the bead becomes colourless. 

This reaction is yielded by minute quantities of man- 
ganese compounds. 



Nickel (Ni).— Use NiSO^.THgO. 

Nickel salts are usually bright green in colour. 

121. Am^S: black precipitate (NiS). Add more yellow 
AmgS, boil and filter. The filtrate will be coloured brown by 
NiS dissolved in the excess of AmgS. Pour this filtrate into 
a porcelain dish and boil it for some time, adding distilled 
water if necessary to prevent the dish becoming dry. The 
dissolved NiS will be precipitated, and when filtered off will 
leave a colourless filtrate. If HA is added in excess to the 
dark filtrate, the dissolved NiS is also precipitated. For 
the solubility of NiS see the next paragraph. 

122. H^: black precipitate (NiS) in neutral solution or 
in solutions containing no free acid except HA (112). HCl 
prevents the precipitation. Add to NiSO^ solution AmCl, 
AmHO in excess and then HgS ; and show with the pre- 
cipitate that NiS is insoluble in cold HCl and in HA, but 
is soluble when heated with HCl after adding a crystal of 

123. KHO: light green precipitate (NiHgOg). 

124. AmHOy added in very small quantity, gives a bluish 
green precipitate (NiHgOg). This precipitate is soluble in 
excess of AmHO to a violet blue liquid ; it is also soluble in 
AmCl. If AmCl be first added to the NiSO^ solution, AmHO 
causes no precipitate. 

125. Freshly prepared KGy solution, made by dissolving 
a fragment of the solid in water, when added in small 
quantity gives a yellowish green precipitate (NiCy2). By 
the further addition of KCy the precipitate is dissolved ; but 
it is reproduced on the addition of sufficient HCl. 
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126. Acidify some NiS04 solution with several drops of 
HA. Then add KCy solution gradually, while stirring or 
shaking the liquid, until the precipitate at first form". 
just redissolved. Boil this solution for a short time. Then 
cool it, and divide it into two parts. The addition of HCl 
in excess to one part will produce a precipitate of NiCyg, 
often only appearing after a time. The addition to the 
other part either of NagClgO, or of excess of NaHO followed 
by Br-water until the liquid remains yellow (NagBrgO), will 
give a black precipitate (NigHgOg) when the liquid is 
warmed, 

127. A mixture of finely powdered NiS04.7H20 and NagCOj, when 
fused on charcoal on the inner blowpipe flame, leaves a grey powder 
which is attracted by the magnet (39, 40). 

128. A borax head containing Ni is violet or reddish hrovm 
after fusion in the outer blowpipe flame, and becomes pale 
yellow on cooling. If the bead is heated for some time in 
the inner flame it becomes hlaxik and opacfue. 



Cobalt (Co).— Use Co(N03)2.6H20 . 

Cobalt salts are usually reddish pinJc in colour if hydrated, and blicc 
or purple when anhydrous, 

130. Am^S: black precipitate (CoS). On adding much 
AmgS and boiling and filtering, the filtrate is coloured yellow 
by AmgS ', it is not dark coloured, since CoS unlike NiS is 
insoluble in AnigS. For the solubility of CoS see the next 
paragraph. 

131. HoS: black precipitate (CoS), only forming in alka- 
line solutions or in solutions containing no free acid except 
HA (112). HCl prevents the precipitation. Add AmCl, 
then AmHO in excess and then HgS to some Co(N03)2 
solution, and pour into separate portions of this liquid HCl 
And HA ; the precipitate does not dissolve. To the portion 
•ontaining HCl add a crystal of KCIO3 and heat, the preci- 
>Jtate dissolves readily. 
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132. KEO: blue precipitate (CoHgOg). The colour of the 
precipitate changes by oxidation on exposure to the air, and 
when the precipitate is heated. 

133. AmHO: bluish green precipitate, having the same 
properties as that produced by KHO. The precipitate is 
soluble in excess of AmHO and in AmCl, and is therefore 
not formed if AmCl is added before AmHO. 

134. Freshly prepared KCy solution if added in small 
quantity gives a reddish-brown precipitate (CoCyg). On 
adding more KCy solution slowly and while shaking the 
liquid the precipitate dissolves, but it reappears on the 
addition of HCl. 

135. Acidify some Co(N03)2 solution with a few drops of 
HA ; then add KCy solution slowly until the precipitate at 
first formed just redissolves. Boil this liquid \ then cool it 
and divide it into three parts. On adding to these portions 
respectively HCl, NaaClgO, and excess of NaHO solution 
followed by Br-water till the liquid remains yellow (NagBrgO), 
no precipitate will appear even on warming the liquid. 

This difference of behaviour of Ni and Co solutions (126), which have 
been boiled with excess of KCy, is due to the fact that NiCyg forms 
with KCy a compound (NiCy2.2KCy) which is easily decomposed: 
whereas CoCvg forms with KC^ the very stable compound Kg(CoCy6)2, 
poiassiv/m cobalticyanide, 

136. A solid cobalt compound, when fused with Na^COs on charcoal 
in the inner flame, yields a grey magnetic powder (39, 40). 

137. A borax bead when dipped into a strong solution of 
00(^03)2 assumes a. fine blue colour after fusion in either the 
inner or the outer blowpipe flame. This reaction is yielded 
by minute quantities of cobalt compounds. 



138. The distinction between Ni and Co in the Table 
(139) depends on the solubility of NiS in yellow AmgS, 
which is proved by a dark filtrate being obtained on warm- 
ing with excess of yellow AmgS and filtering. 
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139. Group III.b.— 



Tests. 



For liquids. 

1. Add Am2S; or better, 
AmCl, AmHO in excess, 
and H2S-water. 

2. Add KHO : 



3. Add KCy solution : 
i This test need only be tried 
when a black precipitate 
has been obtained by Test 
No. 1. 



6. Borax bead: 



Blowpipe tests for solids, 

4. Fused with NajCOj on 
charcoal in the inner blow- 
pipe flame. 



Zn— salts. 



White precipitate : soluble in 
cold dilute HCl: ir^oluble 

inBA, 

White precipitate: soluble in 
excess of KHO, 



A white incrustation, which, 
if moistened with Co(N03)2 
and heated in the outer 
flame, turns green. 

The substance itself, when 
strongly heated after hav- 
ing been moistened with 
Co(N03)2 also becomes 
green. 



Mn — salts. 



Pink precipitate: soluble in 
cold dilute HCl : soluble in 

HA. 

White ^ecipUate : turning 
brown m the air : insoluble in 
KHO. 



A grey iwwder. 

The substance, if fused with 
NasCOs and KXO. on plati- 
num foil in outer flame, 
gives a bluish green mass. 



(Outer fiame.'—Ameihyst red. 
(Inner flame. — Colourless. 



Separation and detection of metals in Group III. p. 
140.* The methods used depend upon — 

1. The sohibility of NiS in yellow AnigS, in which ZnS, 
MnS and CoS are insoluble : NiS is then precipitated from 
this solution by boiling it or by the addition of HA, and 
the presence of Ni is confirmed by fusion of the precipitated 
NiS in a borax bead. 

2. The solubility of ZnS and MnS in cold dilute HCl, in 
which NiS and CoS are almost insoluble. 

3. The solubility of ZnHgOg in cold KHO, in which 
MnH202 is insoluble ; white ZnS is then precipitated from 
this solution by HgS, and the undissolved MnHgOg yields a 
bluish green mass when fused with Na.2C03 and KNO3 
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Table of Diffebenges. 



Ni— salts. 



Black precipitate : soluble in bailing yeUow 
Am^ to a dark solution : insoluble in cold 

dilute HCl and in HA. 
Orecn precipitate : insoluble in EHO. 



Added in slight excess to the feebly acid 
solution and boiled for some time, then 
Br-water and excess of NaHO added, gives 
a black precipitate on heating. 



A grey magnetic powder. 



Cru,*^. A.w.^ ^Violet or yellow while hot. 
) Outer flame. \Yellow when cold. 

( Inner tLaxae.'-Grey or (^Mique bead. 



Co— salts. 



Black precipitate: insoluble in boUir^ yeUow 
Am^ , in cold dilute HCl, and in HJL 

Blue precipitate : insoluble in KHO. 



Added in slight excess to the feebly acid 
solution and boiled for some time, then 
Br-water and excess of NaHO added, ^ves 
no precipitate on heating. 



A grey magnetic powder. 



Outer and inner flames.— l^fM lHue bead. 



4. The diiFerence of behaviour of the solution of NiCyg 
and CoCyg in KCy, withNagClgO, or with NagBrgO: and the 
marked diflference in the colour of their borax beads. 

Mn may be separated from Zn, Ni and Co by passing HjS into the 
neutral solution saturated with NaA (112) : Mn alone remains in solu- 
tion (116), the other metals being precipitated as sulphides. 

Another method for separating Ni and Co depends upon the fact that 
while Co is precipitated as Co2(HO)g from its solution by BaCOg in 
the presence of Br, Ni is not precipitated by this means and remains 
in solution. 



141.* A solution is examined for Zn, Mn, COf Ni, by adding 
AmCl to it, then AmHO until it is alkaline, and then AnigS 
until the liquid smells of it after having been well stirred 

H 
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or shaken. The liquid is then heated and a few drops of 
it are poured upon a filter. If the filtrate is colourless, 
sufficient AnigS has not been added ; more AnigS is then to 
be poured in and the filtrate again examined. As soon as 
the filtrate is brown or yellow in colour, proving that AmgS 
has been added in excess, the whole is heated and filtered, 
and the precipitate is examined by Table III.b (437). The 
filtrate if yellow is rejected, if brown it is examined for Ni 
according to (431). 
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GEOUP II.A.— COPPER GROUP. 

142. This group includes Hg", Pb, Bi, Cu, Cd. 

The compounds of these metals differ from those of the 
metals in Groups III.a., III.b., IV. and V. by being pre- 
cipitated as sulphides by HgS from their acid solutions. 
They are not precipitated by HCl or by soluble chlorides, with 
the exception of Pb, which in strong solution is partially 
precipitated. 

Their sulphides differ from those of Group II. b. by being 
insoluble both in AmgS and in KHO. 

If very much acid is present, H2S does not precipitate the 
members of this group readily or completely, unless their 
solutions are largely diluted with water. 



Mercuricum (Hg"). — Use HgCl.,. 

Mercury forms two series of compounds distinguished as mcrcuii^ 
and inercurous. The metal in these two states behaves differently with 
reagents, and may be distinctively called increui'icum and mcrciirosum. 
In the latter condition it is classed under Group I. In paragraphs 
(217, 218) tests are given which serve to distinguish these compounds. 

144. H^: black precipitate (HgS). If the HgS solution 
is added slowly the precipitate is first white^ then brotvn or 
orange, and ultimately becomes black. These changes of 
colour during the addition of HgS are characteristic of 
mercuric salts. 

Filter off the precipitate and wash it free from dissolved 
chlorides, then place portions of it in two test-tubes. Boil 
one of these portions with strong HNO3, ^^^® precipitate 
will not be dissolved ; now add. HCl and warm again, the 
precipitate will dissolve. Boil the second portion with 
AmgS, the precipitate does not dissolve. Hence HgS is 
insoluble in hot strong HNO3, and in Am^S; but it is 
easily soluble in a mixture of HNO3 and HCl, which is 
known as aqtui regia. 



^ «i -r- 
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'jci- t-T" TT*_"- r--r r: ¥liL sxzii 7ttr«EC ir tx -dii-fiiiig it into 
ttr'jc::^ H>'v.. T — rf!!^«r ft in srcj* HzCL, sdiiitiaD made 
a^i -rhl 3i ir:c- :r trr : :c H'TL Tb* Cc ^31 beeome coated 

Drr iLe Firiine i-f tbr Ct:. af^er h ias hsen immcfsed for 
s^veril rr.hr::T*gs. &iii mb it bard whh a dotfa or piece of 
wa*h-jeat?jeT. The Cn will appear mc«e or less whitened 
like idlrer, tLe iiietal H^ baring fenced an amkolpam with it. 

TTie Hz niaT be readilv diTTen oS bv headng the Cu 
)itroriglv. If this heating is performed in a test-tube, or 
\/f:tter in a small hard glass tnbe sealed at <me end, a sub- 
iirnate of globules of Hg wiU form upon the cool sides of the 
tiil>e. 

147. Mix a little finely powdered HgCU intimately with 
about four times as much finely powdered NajCOj, which 
has Ixjen recently dried by strongly heating it in a porcelain 
(UhIi. Pour this mixture into a small test-tube, which has 
\k:(ai i>erfectly dried by heating it in the flame and suck- 
ing out the moist air by a glass tube. Then cover the 
mixture with a layer of Na2C03 dried by ignition. 

After [perfectly cleansing the inside of the tube, heat 
ilj(j layer of NagCOg strongly ; and while keeping this hot, 
Knuhially extend the heat to the mixture. Hg will sublime, 
(MindeiiHing in globules on the inside of the tube. 

S()iii(;t inicH the globules are so small that the layer appears 
uH a ^iv.y film ; or they are few and scattered and are not 
t'KHily viHible. In either case they may usually be imited 
into larger and visible globules by rubbing the ipside of the 
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tube with a glass rod, or the separate globules may be 
detected by means of a pocket lens. Even very minute 
globules may be seen if they are flattened by pressing them 
with a glass rod against the inside of the tube. 

The powder is most easily placed in the tube by alternately scooping 
it up with the mouth of the tube, and tapping the tube so as to shake 
the powder to the bottom. Or it may be introduced by turning the 
powder out upon a piece of note-paper folded over into a trough, and 
pouring it thence into the tube; holding both tube and paper meanwhile 
over the watch glass so as to catch any substance which may fall. 

Both the inside of the tube and the powder must be perfectly dry, 
else some particles obstinately adhere to the inside of the tube and 
obscure the sublimate. 

The heating must never be commenced until the inside of the tube is 
perfectly clean. It is cleansed, if necessary, with a twisted slip of 
filter paper or with a wooden match. If any drops of water condense 
on the inside of the tube during the first stage of the heating, they 
must be removed by a twisted piece of filter paper. If, however, 
proper care has been taken in drying the powder, no moisture will 
condense. The escape of steam or gases from the powder is very un- 
desirable, as they are very likely to sweep uncondensed mercury vapour 
out of the tube. 

148. Heat a little solid HgCl2 in a tube closed at one 
end ; the substance sublimes in white fumes, showing that 
mercury compounds are volatile. 



Lead (Pb).— Use PbA2.3H20 in dilute HA. 

149. ^2*^-* black precipitate (PbS). This precipitate is 
often red if much hydrochloric acid is present in the solu- 
tion ; but it becomes black on diluting with water and pass- 
ing H2S, or on adding HgS-water. Filter off, and show 
with separate portions of the precipitate that PbS is 
insoluble in KHO and in Am2S, but soluble in boiling dilute 
HNO3; also that it is converted by boiling strong HNO3 into 
insoluble PbSO^. 

150. HCl: white precipitate (PbClg), forming only in 
cold and strong solutions. On boiling the precipitate with 
sufficient water it dissolves ; but the PbClg separates again 
in beautiful crystals when the hot solution is slowly cooled. 
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151. H^SO^ : white precipitate (PbSO^). This precipitate 
is much less soluble in dilute HgSO^ thah in water ; hence 
H2SO4 should be added in excess to a pretty strong solution. 
Shake up the liquid, and pour it off into two test-tubes ; let 
the liquid stand and decant it from the precipitate. Show 
that the precipitate may be dissolved by pouring upon it 
HA, or better HgT solution, then AmHO in excess and 
boiling ; show also that it dissolves in boiling strong HCl. 

152. K^CrO^y (yr K^Cr^O^: yellow precipitate (PbCr04). 
Pour off into two tubes, and show that the precipitate is 
soluble in KHO, but insoluble in HA. 

153. Mix some powdered PbA2.3H20 with about twice as 
much NagCOg in a cavity on a piece of charcoal ; and heat 
the mixture in the inner blowpipe flame.. A yellow incrusta- 
tion will form around the cavity, and small lustrous globules 
of Pb will be seen within it. The incrustation is readily 
removed when heated in the inner blowpipe flame, and 
colours the flame azure blue. 

Detach one of the globules with the point of a knife ; 
place it on the bottom of a mortar turned upside down, 
and give it a smart blow with the pestle. It flattens out 
without breaking into powder, showing that Pb is malleable 
and not brittle. If one of the globules be fixed upon the 
point of a penknife, it will be found by gentle friction on 
paper to mark it as a blacklead pencil does. 



Bismuth (Bi).— Use Bi(N03)3.5H20 in dilute HCl . 

154. H^^ : brownish-black precipitate (BigSg) : — 

2Bi(N03)3 + 3H2S = BiaSg -i- 6HNO3. 

->ecant most of the water ; then pour some of the precipitate 
nto three test-tubes, and show that it is insoluble in AnigS 
id in KHO, but soluble in strong HNO3. 

155. AmHO, or KHO : white precipitate (BiHgOg). Pour 
a small quantity of the liquid and precipitate into a tube. 
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add mucli AmHO and warm, the precipitate is undissolved. 
Filter off the rest of the precipitate and keep it for the 
following reaction. 

156. H^, Pour afexo drops of boiling dilute HCl upon 
the precipitate in the filter left from the last reaction, and 
allow the acid solution to drop from the funnel into a large 
quantity of distilled water. A milkiness will appear, which 
is due to the formation of BiOCl. This precipitate may also 
be obtained by letting the original bismuth solution drop 
into much water :— BiClg + HgO = BiOCl + 2HCL 

Pour a little of the milky liquid into two test tubes ; add 
to one portion a little strong HCI and warm it, the precipi- 
tate dissolves ; to the other portion add HgT and warm, the 
milkiness remains, differing in this way from that caused by 
SbOCl. 

If but little Bi is present, this milkiness often appears 
only after stirring and letting the liquid stand for a few 
minutes. 

157. K^CrO^ or K^Cr^O^, added after strong NaA solu- 
tion, gives a yellow flocculent precipitate ^hJiQrO^y Add 
KHO, the precipitate does not dissolve, differing in this way 
from PbCrO^. It dissolves, however, completely in HCl or 
in HNO3 added in excess. 

The addition of NaA is necessary because bismuth chromate is 
soluble in HCl. The free HCl in the solutions is thus replaced by HA, 
in which.the precipitate is insoluble : — NaA + HCl=NaCl + HA. 

158. H^O^ : no precipitate : difference from Pb. 

159. Heat a mixture of powdered Bi(N03)3 and Na^COg 
on charcoal in the inner blowpipe flame. An incrustation 
will be obtained which is orange red while hot and yellow 
w^hen cold ; also white globules of Bi will be seen, which are 
very brittle and are easily crushed to powder by a sharp 
blow with the pestle, and which will not mark paper. 
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Copper (Cu).— Use CuSO^.SHgO. 

Two classes of copper salts are known. Cupric salts are usually 
blue, but sometimes green; their colour commonly becomes very pale 
or disappears when the salts are thoroughly freed from water of 
crystallisation. Cuprous salts are usually white. 

Cuprous oxide is red, and cupric oxide black. 

160. ^2^.* brownish black precipitate (CuS). Filter, 
keeping the funnel carefully covered with a glass plate, as 
air quickly oxidises CuS to CuSO^, and this dissolves and 
runs through with the filtrate. Place some of the precipi- 
tate in five test-tubes and show that it is insoluble in KHO, 
in AnigS and in boiling dilute H2SO4, but dissolves in boil- 
ing HNO3 and in KCy solution. 

161. AmHO^ if added in a diluted state and in very small 
quantity, gives a greenish hltie precipitate. If more AmHO 
is added, this precipitate dissolves, yielding an intensely blue 
liquid. The solution becomes light blue again when an 
acid is added in excess. 

KHO produces a pale blue flocculent precipitate, which 
becomes black when the liquid is heated. 

162. H^O^ : no precipitate : difference from Pb. 

163. K^FeCy^: reddish brown precipitate (CugFeCyg), 
insoluble in HA ; the colour is best seen when the reaction 
is tried in a white porcelain dish. In a very dilute solution 
only a reddish colour is seen at first. 

164. Fe, Cleanse a bright piece of steel or iron, such 
•■/he blade of a penknife, from grease, by rubbing it 
I sand paper or by boiling it in a little dilute KHO ; 

n dip it into CuSO^ solution made acid with a few drops 
H2SO4 ; it will be gradually covered with a red film of 



55. Zn and Pt Place some platinum foil or wire in 

)4 solution acidified with HgSO^ and contained in a 

ain dish or watch glass. Drop upon the platinum a 
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piece of Zn ; a red film of Cu will be deposited upon the 
platinum. 

166. If finely powdered CuSO^.SHgO and NagCOg are 
mixed in a cavity on charcoal and heated in the inner blow- 
pipe flame, red scales of Cu are obtained. These are best 
seen after they have been washed by levigation (40). 

167. A borax head containing Cu is green while hot and 
blue when cold, after having been fused in the outer blow- 
pipe flame. Fusion in the inner flame causes the bead to 
become red; it may even become colourless when very little 
Cu is present and the bead is long heated in a good reduc- 
ing flame : the addition of a fragment of Zn or Sn aids this 
change. 

168. Flame colouration, — If a loop of platinum wire is 
dipped into CuSO^ solution and held in the inner blowpipe 
flame, or in the Bunsen flame, it gives a green coloration. 
The flame shows a hlu>e centre after the loop has been 
moistened with HCl, or if CUCI2 solution was originally 
used. 



Cadmium (Cd).— Use CdS04.4H20 . 

169. ^2*^-' bright yellow precipitate (CdS). Boil ofi^ the 
HgS and pour the liquid containing the precipitate into five 
tubes. Show with these separate portions that the precipi- 
tate is insoluble in AmgS, in KHO and in KCy solution, but 
soluble in boiling dilute HNO3 and in boiling dilute HgSO^. 
Dilute the H2SO4 solution with much water and pass HgS 
for a short time, yellow CdS is reprecipitated. 

170. AniHO^ if added in a very diluted state and in small 
quantity, gives a white precipitate (CdH202); on adding 
more AmHO the precipitate readily dissolves. 

171. H^SO^ : no precipitate : difference from Pb. 

172. If powdered CdSO^ is mixed with Na2C03 in a cavity 
on charcoal and heated in the inner blowpipe flame, it gives 
a brown incrustation. 
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173. GllOUP 1I.A 



Tests. 


Ilg— salts. 


Pb-salts. 




For liquids. 

1. Pass HjS, or add H^S 
water : 

2. Add H..5O4 : 
8. Add AmHO : 


Bfack precipitate; when fil- 
tered and well washed, in- 
soluble in boiling strong 
HNO3, and unchanged by it. 


Black precipitate; almost 
insoluble in boiling strong 
HNO3, changed by it into 
white PbS04 . 

White precipitate. 

White precipitate, insoluble 
in excess. 




^rhite precipitate, insoluble 
in excess. 




Blotcpfpe reactions /or 
solids. 
4. Heated with NroCOs on 
charcoal in the inner 
blowpipe flame : 

1 


t 


Yellow incrustation; white 
malleable globules. 




Test for Hg by (147). 





Separation and detection of metals in Group TLa; 

175.* This separation depends upon the following differ- 
ences : — 

1. The solubility of BigS.j, CuS and CdS in strong boiling 
HNO3, in which HgS and PbS are insoluble and remain as 
HgS and PbS04 respectively. 

2. The solubility of PbSO^ in HgT and excess of AmHO, 
in which HgS is insoluble. 

3. The solubility of CuHgOg and CdHgOg, and the insolu- 
bility of BiHyOy, in excess of AmHO. 

4. The solubility of CdS and insolubility of CuS in boil- 
ing dilate HgSO^. The insolubility of CdS in KCy solution, 
in which CuS easily dissolves, furnishes another means of 
reparation. 

The presence of each metal is then confirmed by some 
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Table op Differences. 



Bi-salts. 



Black precipitate; soluble 
in boiling strong HNO3 
to form a colourless solu- 
tion. 



WMte precipitate, insoluble 

in excess. 
Confirm by (156). 



Orange re I incrustation ; 
wblte brittle globules. 



Cu— salts. 



Black precipitate ; soluble in 
boiling concentrated HXO3 
to form a blue solution; 
insoluble in boiling dilute 



Blue precipitate, easily sol- 
uble in excess to a deep 
blue liquid. 



No incrustation ; red metallic 

scales 
Confirm" by (167, 168). 



Cd — salts. 



Yelloic precipitate ; soluble 
in boiling HNO3, and in 
boiling dUute H2SO4 . 



White precipitate, easily 
soluble in excess. 



Broitn incrustation ; no glo> 
bules. 



176.* A solution which may contain the metals of Group 
II.A. is first made acid, if not already so, with a little HCl. 
Whether the liquid is clear or not, HgS is then passed in a 
rapid stream through ifc for about five minutes. The pre- 
cipitate is filtered off, and the clear filtrate is either mixed 
with HgS-water, or is diluted with a little water and H.2S 
passed through it again for a short time, to ascertain 
whether the metals have been completely precipitated. If 
no further precipitate is produced, the filtrate may be 
rejected. But in case H2S causes further precipitation, the 
gas must be passed for some time longer and the liquid 
poured again through the filter. The filtrate is rejected 
only when HgS no longer produces any precipitate in it. 
The precipitate is then examined by Table II. (435), com- 
mencing at Group II.A. (Copper Group) and using only the 
left-hand side of the Table. 
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GROUP II.B.--ARSENIC GROUP. 

177. This group includes As, Sb, Sn, Au, Pt. 

Its members differ from those of Groups III. a., III.b., IV. 
and V. by being precipitated as sulphides by HgS from a 
solution made acid with HCl. They differ from those of 
Group I. by not being precipitated by HCl. 

The sulphides of this Group differ from those of Group 
II.A by being soluble in AmgS and in KHO. 

178. Each metal of this group forms two series of com- 
pounds, which resemble each other in many reactions, but 
also present certain differences. The two classes are dis- 
tinguished conveniently by the terminations -ic and -otis ; 
thus we speak of arsenic and arseniows acid. 



Arsenic (As). 

Use for an arseniot^s compound AsgOg, dissolved by boiling 
water; and for an arsenic compound Na2HAs04.12H20 
dissolved in water. 

The tests described in paragraphs (179-186) give the same ultimate 
result with both arsenioz^ and arsenic compounds. As a rule, how- 
ever, the reaction proceeds slowly with arsenic compounds, since its 
first stage consists in their conversion into arseniot^ compounds. 

Arsenic compounds are converted into arseniot^ by boiling them 
with H2SO3, strong HCl, or other reducing agent. Arseniows com- 
pounds are oxidised into arsenic compounds by being heated with 
HNO3, or with other oxidising agents. 

179. H^S produces in neutral solutions of arsenious com- 
r)ounds only a yellow coloration. But if the solution is 
acidified with a few drops of HCl, a light yellow flocculent 
orecipitate (AsgSg) forms immediately, even in the cold. 

Filter off some of the As^Sg, and show that it is insoluble 

boiling strong HCl. 

!f some of the liquid containing the precipitate be poured 
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into two test-tubes, the gradual addition of KHO or of 
AnigS will completely dissolve the AgSg ; which is repreci- 
pitated, however, on the addition of HCl in excess. 

In cold acidified solutions of arsenic compounds H^S pro- 
duces no precipitate. But if strong HCl is added and the 
solution is boiled, HgS causes in the boiling solution first a 
precipitate of white S and then of yellow AsgSg. 

The complete precipitation of arsenic solutions by HgS is 
most rapidly effected by first adding HgSOg to the boiling 
solution until it smells persistently of SO2, and then boiling 
the liquid until SOg is no longer smelt. The arsenious 
compound thus produced is readily and completely precipi- 
tated by HgS in the cold solution. 

180. ReinscNs test, — Several naiTow strips of sheet copper 
are cleansed with sand paper, or by dipping them into 
strong HNO3. They are then boiled in the arsenious 
solution, which has been previously acidified by dilute 
HCl. The surface of the copper will soon be coated with 
a dark grey film of AsgCu^. 

The strips are carefully removed from the liquid, rinsed, 
and gently pressed between filter paper; they are then 
dried by heating them in the 
steam oven, or by holding them 
between the finger and thumb in 
the flame. The dry strips are 
then gradually heated over a 
very small flame in a hot and dry 
test-tube. A white sublimate of 
AsgOg will form on the upper 
part of the tube. 

A much more characteristic 
sublimate is obtained if moisture 
was entirely absent, and the sublimation was effected very 
slowly, while the sides of the tube were hot. The sub- 
limate is then sparkling and crystalline, and the crystals, if 
examined under the microscope, are seen to be transparent, 
colourless, regular octahedra and tetrahedra (fig. 42). 
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Their formation under the above conditions is a most valu- 
able confirmation of the presence of As. 

The sublimate may be dissolved in a little boiling water, 
and the presence of As confirmed by applying tests (179, 
187) to the solution. 

The presence of As in the grey deposit upon the Cu 
should always be confirmed by one of the above methods, 
since other metals may be deposited as grey films on Cu. 

This test serves to detect arsenic compounds after their 
solutions have been reduced by being mixed with strong 
HCl or H2SO3 and boiled. 

The following tests (181-184), which depend on the formation of 
very paisonous ASH3 gas, should be performed in a cupboard provided 
with a good draught or in the open air. 

181. HofmanrHs test, — Pour dilute HCl upon some Zn in 
Yio. 43. a small hydrogen flask, 

fitted as is shown in 
(fig. 43). The hydrogen 
as it escapes bubbles 
through solution of lead 
acetate contained in the 
second flask, and is thus 
freed from any HgS with 
which it might possibly 
have been mixed. It is 
then allowed to bubble 
through AgNOg solution 
contained in a test-tube. If the Zn and acid are free from 
As, as they should be, no precipitate or colour is produced 
by the gas in the AgNOg solution. 

If a little AS2O3 solution is now poured down the funnel 
into the hydrogen flask, a black precipitate of Ag will begin 
to form in the AgNOg solution. This is produced by the 
AsHg which is formed by the action of the nascent hydrogen 
upon the As^Og :— AsgOg + 12H = 2ASH3 + 3H2O . 

The AsHg, on passing into the AgNOg solution, reacts thus : 

AsHg + GAgNOg + 3H2O = 6Ag + HgAsOg + 6HNO3 . 

ilence Ag is precipitated and HgAsOg remains in solution. 
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As soon as a copious precipitate has been obtained, the 
test-tube is removed. It will be best to set aside the test- 
tube with its contents to be examined afterwards, and to 
proceed at once to use the gas, while it is being briskly 
evolved, for reactions (182, 183). 

The liquid in the test-tube is filtered ; the precipitate is 
rejected, and several drops of AgNOg solution are added to 
the clear filtrate. Some very dilute AmHO is made by 
pouring several drops of AmHO solution into a test-tube, 
then nearly filling up with distilled water and inverting the 
tube. On mixing this drop by drop with the filtrate, a light 
yellow precipitate (AggAsOg or AggHAsOg) will be obtained. 

The formation of this precipitate on the addition of 
AmHO is explained by the fact that HgAsOg is in the solu- 
tion in the presence of AgNOg and also of HNOg, as is seen 
by the last equation. Now AgNOg forms with HgAsOg a 
yellow precipitate if no free acid is present in the liquid 
(187). Hence on neutralising with AmHO the free HNOg 
which is already present, as well as that formed by the 
action of AgNOg on HgAsOg, the precipitate appears : — 

HgAsOg -I- SAgNOg -I- 3AmH0 = AggAsOg 4- 3 AmNOg + 3HgO. 

This precipitate is also readily soluble in AmHO ; hence it 
is necessary to use very dilute AmHO and to add it gradually 
in order to avoid excess. 

182. Marsh's test — Disconnect the flasks (fig. 43), and 



Fig. 44. 



slip into the india-rubber 
joint a tube of hard glass 
about four inches in length, 
supporting it on a ring 
of a retort stand (fig. 44). 
Then pour in through the 
funnel tube a little strong 
HCl. 

If the experiment is per- 
formed as is here directed, 
the H will have been 
evolved for some time, and will have expelled all air from 
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the flask. There will therefore be no risk of an explosion 
occurring when the gas is lighted. But if the H is 
being produced for the first time, or the flask has been 
opened or recharged, allow the gas to escape briskly for four 
or five minutes. Then ascertain that a test-tube full of it 
bums quietly, before adding the liquid to be tested for As 
and lighting the gas at the jet. In any case it is well to 
cover the flask with a cloth before kindling the hydrogen 
(15). 

On lighting the gas, its flame will be seen to differ from 
that of pure H by its livid blue colour and by giving off white 
fumes of AsgOg. If these appearances are not noticeable, 
a little more AsgOg solution must be poured into the flask 
through the funnel tube. 

Press down upon the flame the inside of a porcelain crucible 
lid or of a porcelain crucible or dish. A dusky black film of 
As will be deposited upon the cool surface. Pour upon this 
some freshly made solution of CaClgO ; the stain will be 
rapidly dissolved. 

Also warm a stain of As inside a porcelain dish with 
AmgS. It will dissolve, and the solution will leave yellow 
AS0S3 when it is slowly evaporated. 

183. Add a little more strong HCl, if necessary, to cause 
the gas to come off rapidly. Light it at the jet, and heat a 
point near the middle of the tube strongly (fig. 44). A black 
mirror of As will form just beyond the part heated by the 
flame. The flame burning at the jet will meanwhile become 
colourless, showing that the arsenic has been removed from 
the hydrogen. Heat another point in the tube so as to pro- 
duce a second mirror; then divide the tube between the 
mirrors. Dissolve one mirror, when cold, by warming it 
with some fresh solution of CaClgO in a test-tube. Heat the 
>ther mirror gently in a test-tube held obliquely in the 
ime; a crystalline sublimate of AsgOg will be obtained 
?. 42). Dissolve the sublimate when cool in a little hot 
ter, and confirm the presence of As by reactions (179, 
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183a. AsHg produces a characteristic colour with HgClg 
solution. Kemove the cork from the larger flask (fig. 43) 
and push a plug of cotton wool into its neck to stop any 
spirting from the liquid in the flask. Then cover the mouth 
of the flask with a small piece of filter paper moistened 
with HgClg solution ; the paper will become coloured first 
yellow then hrovm. If paper moistened with AgNOg solu- 
tion be substituted it is blackened, 

184. FleitmanrCs test, — Boil some pieces of Zn in KHO 
solution, H will be evolved which is free from odour. If a 
little AsgOg solution is now added, and the liquid is again 
boiled, a garlic odour will be perceptible owing to the 
evolution of AsHg : — 



{ 



Zn + 2KH0 = H2 + ZnK202 . 
AS2O3 4- 1 2H = 2 AsHg + 3H2O . 



If a small piece of filter paper, moistened with AgNOg 
solution, is placed on the mouth of the tube while the liquid 
is being boiled, the paper will be stained black by the 
separation of Ag (181). 

This reaction does not succeed with arsenw? compounds 
unless they have been first reduced by being boiled with 
strong HCl or with H2SO3. 

Sb compounds do not give this result ; the test therefore 
distinguishes between As and Sb. 

185. Dry any finely powdered solid substance, containing 
As, thoroughly in the steam oven ; and mix it intimately in 

Fig. 45. 




a mortar with about four times as much of a freshly ignited 

mixture of KCy and NagCOg. Heat this mixture in a little 

bulb-tube of hard glass (fig. 45), or in a small test-tube 

I 
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about three inches in length, carefully observing the pre- 
cautions stated in the note under (147). A black mirror 
of As will form on the cooler part of the tube (6), and 
frequently a smell of garlic may be detected at the mouth 
of the tube. 

If the bulb is cut off and the mirror is gently heated in 
a test-tube, it will be converted into a white sublimate of 
AsgOg, or into transparent octahedral crystals of this oxide 
(fig. 42). 

186. Mix any solid substance containing As with NagCOg, 
and heat the mixture on charcoal in the inner blowpipe 
flame. A smell of garlic will be noticed when the charcoal 
is removed from the flame ; also the flame will be coloured 
livid hluCf unless this tint is overpowered by the yellow 
sodium coloration. 

186a. If a little solid AsgOg is heated in a small ignition 
tube, it will be readily sublimed. If the Asg^s ^^ perfectly 
dry, and is sublimed very slowly after the upper part of the 
tube has been first heated in the flame, the sublimate will 
sparkle, and on examination under the microscope it will be 
seen to consist of octahedral crystals (fig. 42). 



187-190.] 



GROUP n.B. — ARSENIC. 



131 



Distinctive tests for absej^ious and arsenic compounds. 



.Reagent. 



187. AgNOs, 
several drops 
arc added. 



188. CuSO^, 
several drops : 



180. GuSO^, 
two drops : 
then KHO 
added: 



190. A7)iCl, 
AmHOj and 
MgSO^ : 



Araeniotis compound. 
[Use A82O3 dissolved in HjO. 



LigTU yellow precipitate^ 
(AgaHAsOa or AgjAsOs) ; 
this precipitate forms only 
on adding carefully, drop 
by drop, a little dilute 
AmHO :* show tliat it is 
dissolved by AmHO and 
by HNO3. It is also 
appreciably soluble in 
AmNOs : hence, if too 
much AmHO has been 
added, the precipitate does 
not always lorm on neutra- 
lising with HNOg. 

Yellowish green precipitate 
(WHAsOg): this precipi- 
tate forms only on adding 
dilute AmHO carefully, 
drop by drop ; show 
that it is soluble in 
AmHO and in HNOg. 

The above yellowish green 

Srecipitate is first pro- 
uced, but on addition of 
more KHO this dissolves 
to a clear bliLe liquid 
which on being boiled 
deposits red CugO. 
No precipitate. 



Arsenu; compoand. 

Use NajHAS04.12H20 

dissolved in HjO. 



Browii predpitaie, 
(Ag3As04) : show 
that it is soluble 
in AmHO and in 
HNO3. 



Pale green precipitate 
(CuHAsOJ: soluble 
in AmHO and in 
HNO3. 



No clear blue solution 
is obtained, and no 
CuaO is produced on 
boiling tlie liquid. 



White crystalline pre- 
cipitate(MgAmAs04) 
if filtered off and 
moistened with 
AgNOg solution on 
the filter it becomes 
hroxjon. 



* AS2O3 when dissolved in water yields H3ASO3 which cannot give with 
AgNOg the AgsAsOs precipitate because this decomposition would liberate 
HNO3 in which AgoAsOg is soluble ; hence the addition of AmHO is neces- 
sary to neutralise the free acid ; but since the precipitate is also soluble in 
AmHO, the latter must be added carefully in only just suflBicient quantity to 
neutralise the acid. This is best effected by using some very dilute AmHO, 
made by pouring a few drops into a test-tube, filling the tube two-thirds 
with distilled water, then closing it with the thumb, and inverting it for a 
moment The dilute AmHO is to be added drop by drop, shaking or stir- 
ring the test solution after each addition until the precipitate is obtained. 
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Antimony (Sb). — Use SbClg in dilute HCl . 

Antimonic and antimomows compounds give results ultimately 
identical in the following reactions (191-198) with the exception of (192). 
After these reactions, which are common to Sb in both its sets of 
compounds, two are given which are distinctive. 

191. H^'^: orange red precipitate (SbgSg). Pour off into 
three tubes, and show that the precipitate is dissolved when 
it is warmed with pure KHO or with ArUgS, but is reprecipi- 
tated from these solutions on the addition of HCl in excess: 
also that it is soluble in boiling strong HCl. 

192. If poured into much water, SbClg solution yields 
a white precipitate or turbidity (SbOCl). This precipitate 
redissolves on adding HCl and warming, and is also readily 
soluble in HgT. In this latter respect it differs from the 
similarly formed BiOCl precipitate (156). 

193. If the acid SbClg solution is poured upon some 
platinum foil in a porcelain dish, and a piece of Zn is 
dropped upon the foil, the platinum will be rapidly coated 
with a black deposit of Sb. If the foil is rinsed with water 
and then boiled with HCl, the stain remains imdissolved ; 
but it is rapidly removed by boiling HNOg . 

A slight grey or brown stain on the Pt is no evidence 
of the presence of Sb. The diluted and cold nitric acid 
solution of the film may be treated with HgS and allowed to 
stand, when red SbgSg will settle. 

Sb may be detected by the evolution of SbHs when a solution 
containing it is poured into a hydrogen apparatus as is directed in 
(181-183a) for an arsenic solution. This gas differs from AsHs ^Y 
being free from smell and from poisonous properties. See also 

(194-196«). 

194. If SbH.3 is passed into AgNOg solution (181), it 
produces a black precipitate (SbAgg): — 

SbH^ + SAgNOg = SbAg3 + 3HNO3 • 
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Filter off this precipitate and reject the filtrate, which 
will contain no Sb. Wash the precipitate four or five times 
with boiling water upon the filter. Then pour upon it boil- 
ing dilute HgT solution, which will dissolve the Sb. Receive 
the liquid in a test-tube; boil it, and pour it once more 
upon the filter. Add HCl to the liquid, filter if necessary 
from AgCl, and pass HgS into the acid solution ; orange red 
SbgSg will be precipitated. 

195. A stain produced by Sb on porcelain in the manner 
already described in (182), differs from the As stain by 
presenting a dead surface and by being insoluble in CaClgO 
solution. Also when the [stain is dissolved by warming it 
with AmgS, the solution if evaporated by a gentle heat 
leaves orange red SbgSg . 

196. The Sb mirror, obtained as is described in (183), 
differs from the As mirror by being formed much nearer to 
the flame, and on both sides of the heated part of the tube. 
This is due to Sb being less volatile than As. The mirror 
may further be distinguished by the test given in (195). 
This mirror, if oxidised by sublimation, is also insoluble in 
boiling water : but if the sublimate is then dissolved in a 
little boiling HCl, the solution gives an orange red precipi- 
tate (SbgSg) when HgS is passed into it; whereas the 
solution of the Asg^s sublimate gives yellow AsgSg under 
similar conditions. 

196a. SbHg, acting on filter paper moistened with HgClg 
solution, as is described in (183a), yields a greyish brottm 
stain. 

197. If a solution containing Sb is boiled with Zn and 
KHO, it does not evolve SbHg ; hence the escaping hydrogen 
does not stain paper moistened with AgNOg solution (184). 
This test distinguishes As from Sb. 

198. Mix a little solid substance containing Sb in a 
cavity on wood charcoal with NagCOg and KCy. Heat the 
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mixture in the inner blowpipe flame. A white incrustation 
is formed on the charcoal, and white globules of metallic Sb 
are obtained which are extremely brittle. The flame is seen 
to be coloured pale green, unless this tint is concealed by 
the yellow sodium coloration. When the melted Sb is with- 
drawn from the flame, each globule emits a white smoke and 
coats itself with sharp white crystals of Sb.jO.j . 

The two distinctive tests (199, 200) for antimonious and 
antimonic compounds given in the following Table are seldom 
used. They may be read through without trying the re- 
actions, and may be referred to hereafter if required for 
analytical purposes. 

Distinctive tests for antimon/oct^ and antimon/c 

compounds. 



Reagent. 


Antimonums. 
Use the above solution of 
SbClg in dilute HCl. 


Antimonic. 
Use EoSbjOj solution, ob- 
tained by boiling some 
" Potassium metantimo- 
nate " with HjO. 


199. Add excess of 
KHO.thenAgNOa 
solution: 

200. Add excess of 
HCl and warm; 
then pour in a 
little KI solution: 


A dark-coloured precipitate 
which when shaken after 
addition of AmHO leaves 
black Ag40 undissolved. 

No iodine is set free; proved 
by the liquid not turning 
brown and giving no colour 
after being cooled and mixed 
with freshly-prepared starch 
solution. 


A brown precipitate, which 
dissolves entirely on ad- 
dition of AmHO. 

Iodine is liberated, giving a 
brown colour to the liquid 
and yielding a deep blue 
colour when starch solu- 
tion is added to the cold 
Uquid. 
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Tm (Sn). — Stannosum and Stannicum. 
Distinctive rbactions for stannoits and sTANNie 

COMPOUNDS. 



Test. 



801. PassHoS; 



StannotM. 

Use SnCl2.2H20 dissolved In 

dUato HCl. 



802. HgClj: 



203. AuClg: 
added after a 
drop of Br 
water: 



Dark hrovm precipitate * 
(SnS): soluble in KHO 
and in yellow Ani»S on 
heating ; re-precipitated 
by HCl, from the KHO 
solution as brown SnS, 
from the Am,S solution 
as yellow SnSj. SnS 
is insoluble in colourless 
AmjS. 



White precipitate (HgaCl,): 
turns grey on being Doiled 
if the SnCl, is in excess 
(U5). 

Purple or dark brottmpred- 
pitate of "Purple of Cas- 
sius." 



Stannic. 
Use SnCl4 In dilate HCU 



Vellow precipitate * 
(SnS,), often form- 
ing only when the 
liquid is heated : 
soluble in Am,S 
(both yellow and 
colourless) and in 
EIHO on heating, 
re-precipitated by 
HCl as yellow SnS, 
from both solu- 
tions. 

No precipitate. 



No precipitate. 



* Both SnS and SnSo are readily soluble in boiling HCl. 

The following reactions give ultimately the same results 
with both stannoi^ and stannic compounds. 

204. Zn, when immersed in an Sn solution which has 
been acidified with HCl, becomes coated with a spongy 
mass of Sn. The Zn should be allowed to remain for some 
time in the solution in a small porcelain dish; the action is 
much hastened by gentle heat. If the Zn rests on platinum 
foil, the Sn is deposited in a spongy state on the Zn and 
does not stain the Ft black, differing in this way from Sb. 
The deposition of Sn from SnClg is much more rapid than 
from SnCJl^. Sn is often precipitated in this reaction in 
beautiful crystals. 
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The deposit of Sn may be rubbed and washed off the Zn 
in a porcelain dish, rinsed into a test-tube, and dissolved in 
a little boiling strong HCl. The solution will yield with 
HgClg solution a white precipitate of HggClg (202). This 
reaction depends upon the presence of SnCl2 in the acid 
solution; and since this is converted by exposure to the 
air into SnCl^, every precaution must be taken against ex- 
posure of the acid solution to the air. 

205. Mix any solid compound, containing Sn, with 
powdered NagCOg and KCy, and heat the mixture on char- 
coal in the inner blowpipe flame. A slight white incrusta- 
tion will be obtained, together with white particles of 
metallic Sn which are with difficulty fused into globules. 
The globules of Sn are malleable, but differ from those of 
Pb by their greater hardness, which prevents them from 
marking paper (153). 



Gold (Au). — Use AUCI3 solution: note its light yellow colour. 

SnCl.y containing a little SnCl4: purple or dark brown precipitate of 
Putyle of CasskoSj which is best seen when the test is made in a white 
porcelain dish. 

f y FeSO^ produces either at once, or on heating the solution, a very 
X finely divided precipitate of Au: the liquid usually appears bluish by 
I transmitted light, and is always copper red and turbid by reflected 
\ light :— 2 AUCI3 + 6FeS04 = 2 Au + 2Fe2(S04)3 + FcaClg . 

ir.^SO^ produces, on boiling, a similar precipitate of Au. By boiling 
the liquid for some time in a porcelain dish the Au is made to settle 
in small black masses and the solution loses its colour. 



"'^ATiNUM (Pt).— Use PtCl4 solution: note its reddish yellow colour. 

4mCl, added to a strong solution, produces on standing for some 
, or more quickly on being stirred, a yellow precipitate (Am2Pt01e); 
ch is soluble in much hot water. 

mClo gives a reddish brown colour (PtClj) in the solution acidified 
HCl:— PtCl4 + SnCl2= PtCla + SnCl4 . 

'he method of separating and detecting Au and Pt is fully stated in 
^phs (472-474). 
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206. Group II.b. — Table op Diffebbhceb. 

The foUowiug tests unsn'er for theas metals in boUi sets of com- 
pounds; for fiirther distinctive teats see the preceding reactions. 

No. 3 may be omitted, nnless decisive results have not been obtained 
by 1 and 2. 
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Skpabation and dbtbction of jietals in Group II.b. 

Several methods have Ijeen proposed for the aeparation 
and detection of As, Sb and So, when they are mix»l. The 
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most trustworthy are those introduced by Hofmann (208) 
and by Fresenius (210). A method, which is more simple 
and can be much more rapidly carried out, is described in 
(209). 

207.* From a solution which may contain As, Sb and Sn, 
these metals are first precipitated as sulphides by passing 
HgS into the acidified solution. After filtering off the sul- 
phides, the filtrate is again tested by passing HgS through 
it and warming, in order to see whether the precipitation 
has been complete. When no further pre6ipitation is pro- 
duced by HgS, the precipitate is examined by (208, 209, or 
210). 

208.* Hofmann! 8 method consists in pouring the solution 
of the metals into a flask, in w^hich H is being generated 
by the action of HCl upon Zn. Sn will remain as a 
spongy mass on the Zn, while As and Sb will be evolved as 
AsHg and SbHg. These two gases are passed into AgNO^ 
solution and yield soluble H3ASO3 and insoluble AggSb, 
which are separated by filtration. After the three members 
of this group have been thus separated they are detected by 
the special tests already'described, w^hich are tabulated in 
(435 h), 

209.* The following method of examining a precipitate, 
which may contain the sulphides of As, Sb, Sn (207), is 
simple and expeditious, and is sufficiently accurate when 
traces of these metals have not to be looked for. 

It depends upon the insolubility of AsgSg in hot strong 
HCl, in which SnS, SnSg and SbgSg are soluble. The further 
separation of Sb and Sn is effected either by adding Zn alone 
to the acid solution, when Sb is evolved as SbHg and Sn is 
deposited upon the Zn ; or by adding Zn and Pt, when Sn 
is deposited on the Zn, and Sb on the Pt. 

The 'precipitate produced by H^S (207) is filtered off and 
allowed to drain for some time upon the filter in the funnel. 
It is best to drain it still further by carefully taking the 
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filter out of the fiinnel, opening it out, and spreading it 
upon a pile of three or four cut filter papers. The pre- 
cipitate is then removed to a small porcelain dish and heated 
for some time nearly to boiling with strong fuming HCL 
The liquid is then cooled and filtered : — 



Hie residue will 
consist chiefly of 
AsjS,, vhicn is 
olaast ID soluble 
in strong HCi 

Dry tbe WHshed i 
sidae on tbe filter 
at B gentle 
then rail it with 



threi 






as maeli pew ilered 
KCynndNa,COj, 
and heat the niix- 

bnlb-tnbc, ramov- 
ing any drops of 
water inside tbe 
tube by a twisted 
piece of filter- 
paper ; a bliok 
iniroidaS):- 
Presence of Aa, 



I. Place a piece of pktinnm-foil in a poroelnin. 
dish and pour tbe acid filtrate apou it, tlieu 
touch the fail with a piece of Zn; H will come 
off with eflbrveBcence, and if either at once or 
after a few minutca a blttok ataia appeftrt 



iHtecl- 



1 the phitiEttm the presence of S 






The platinum -foil is removed and pieces of Zd 

~~ placed in the liquid : bs soon as the bubble* 

i cease to be given off, Zn still remaining 

nndisaolved, remove the pieces of Zn, rubbing 



dark deposit back i 
posit settle, decant the liqai 
niid heat the solid de])OHit with strong HCl for 



sevaral miuuteB in a test-tube, diluto with s 
little ivatcr, filter if necessary, and add a few 
(Iropa of HgCl, solution : a white or grey 
precipitate (204, 202) indicates the praeiut 
o/Sn. 



luff wltb a lltlJe fuminfl 

HSOf The r 

HHO, Ib boUet 
Ab detected ii 
tr n&Oag AmCI, i 

(!»)! or 
AgNO,, 

Bllh AmETO imi' 



I M«30, 



Upon same pieces of Zn. The H is lishted at 
tbe jet, and the inside of a small porcelain dish 
or cradble lid pressed down upon the flome : a 
black Btain not dissolved by solution of bleach- 
ina; iiowder shows the pramux of Sb, 

The residne in the flask is tested for 3n, aM 
directed in the latter port of I. (above). 



* The Sb thus deposited on the Pt may, after rinsing the foil, be 
dissolved by heating the Pt in a test-tube with a little very dilute 
HNOj; on cooling, diluting, and [lasaing HjS, an orange red preeipi- 
tate will form, confinning the pi-esciicc nf Sb. 

210,* Freemim' method of detecting As, Sb and Sn, is 
very delicate and trustworthy. It depends upon the fact 
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that fusion with Na2C03 and NaNOg converts AsgSg into 
soluble Na^HAsO^, SbgSg into insoluble NagHgSbgO^, and 
SnS., into insoluble Sn or SnO.,. 

The precipitated sulphides (207) are dried on the filter, and 
the precipitate* is well mixed with equal weights of powdered 
NagCOg and NaNOg. This powder is dropped in small quanti- 
ties at a time into some NaNOg kept melted in a small porce- 
lain crucible over a Bunsen flame. When the powder has 
all been added, the crucible is heated sufficiently to keep the 
substance melted for a few minutes, and the fused mass is 
then poured into a small dry porcelain dish. As soon as the 
substance has cooled, cold water is poured upon it in the dish 
and also upon the residue adhering to the inside of the cru- 
cible. The solid substance is allowed to soak for some time 
with occasional stirring, crushing it by pressure with a pestle 
if it does not easily fall to pieces ; it is then filtered : — 



The residtie is washed on the filter with a mixture 
of equal measures of water and alcohol, to pre- 
vent solution of the NagHaSbaOy ; the washings 
are rejected. The precipitate is then rinsed 
into a small porcelain dish, using as little 
water as possible ; a few drops of strong HCl 
are added and the dish is heated, more HCl 
being added, if necessary, to make the liquid 
acid to litmus-paper. Whether the residue has 
dissolved or not, place in the liquid a piece of 
clean platinum-foil, and upon the foil a piece of 
pure Zn. Remove the foil after a few seconds, 
if it shows a black stain the presence of ISh is 
proved, t When the Zn ceases to be acted 
upon, iSn if present will remain as a spongy 
deposit. This is to be washed by decanta- 
tiou, dissolved by boiling with HCl in a test- 
tube, and HgClg added immediately to the 
solution ; a white precipitate (202) shows the 
presence of Sn. 



FiltraU: HNOg is 
added until the 
solution is just 
acid after be- 
ing boiled, then 
AgNOg solution 
is poured in as 
long as it causes 
any precipitate, 
and very dilute 
AmHO is added 
little by little 4:; 
a brown precipi- 
tate, readily dis- 
solving in excess 
of AmHO, shows 
the presence of As, 



* If the quantity of the precipitate is very smal], the part of the paper 
containing the precipitate is cut up into small pieces and treated as the 
precipitate. 

+ See foot-note on page 139. 

X Instead of mixing dilute AmHO with the liquid, it may be carefully 
♦oured upon the top of the liquid ; a brown colour is then seen at the sur- 

^^e of contact. 
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GROUP I.— SILVER GROUP. 

211. This group includes Pb, Ag, Hg'. 

The compounds of these metals differ from those of all 
other metals, by being precipitated as chlorides by HCl or 
by soluble chlorides. Since, however, PbClg is somewhat 
soluble in water, Pb is not entirely precipitated and is also 
found in Group II. a. as PbS. 



Lead (Pb). 

The reactions for Pb have been already given under 
Group II.A. in paragraphs (149-153). 



Silver (Ag). — Use AgNOg solution. 

212. HCl: white precipitate (AgCl), becomes curdy on 
being shaken or heated. Pour off into four tubes. Filter 
one portion, wash the precipitate and let it stand for some 
time exposed to sunlight or common daylight, it wiU 
become blackish purple. Show with the other portions 
that AgCl dissolves readily when heated with AmHO or 
with KCy solution, and is precipitated again from these 
solutions on adding HNO3 in excess; also that it is in- 
soluble in HNO3, even on boiling. 

213. H^S m- Am.iS: black precipitate (Ag2S), insoluble in Am^S 
and in KHO, soluble in boiling dilute HNOg. 

214. KHO : brown precipitate (AgHO), insoluble in excess. 

215. AmHO: light brown precipitate, produced only when 
very dilute AmHO is added drop by drop, since it is yery 
easily soluble in excess of AmHO. 

216. If any solid substance containing Ag is mixed with powdered 
NagCOg and heated on charcoal in the inner blowpipe flame, it will 
give white malleable globules or scales of Ag, but no incrustation. 
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Mercurosum (Hg').— Use Hg'2(N03)2.H20 in dilute HNO3. 

Reactions (144-148) for mercuric salts yield precisely similar results 
with mercurous salts. The two following reactions (217, 218), how- 
ever, serve to distinguish mercuric from mercurous salts. 

217. HCl: a white precipitate (Hg'gClg), insoluble in 
dilute acids unless warmed with both HCl and HNO3, which 
convert it into soluble Hg"Clo. This precipitate becomes 
black when AmHO is poured upon it, but does not dissolve. 
A solution of a mercurt'c salt is not precipitated by HCl or 
by solutions of chlorides. 

218. AmHO, or KHO: black precipitate, insoluble in 
excess. In a solution of a mercuric salt AmHO usually 
causes a white precipitate (NHgHgCl), and KHO pre- 
cipitates yellow HgO. 



220. Group I. — Table of Differences. 



1 Tests. 


Pb. 


Ag. 

1 


Hg*. 


For liquids. 

1. Add HCl: 

2. Add AmHO, 

very dilute : 

8. Add K2Cr04 : 


1 

White precipitate, 
solvibte in ooUina 
water; AmHO 
neither dissolves 
the precipitate 
nor changes its 
colour. 

White predpitatCt 
insoluble m ex- 
cess. 

Bright yeUow pre- 
cipitate. 


White curdy pre- 
cipitate, insolu- 
ble in boiling 
water, easily 
soluble in warm 
AmHO. 

Brown precipitate, 
readily soluble in 
excess. 

Chocolate red pre- 
cipitate. 


White precipitate, 
insoluble in boil- 
ing water; in- 
soluble in AmHO, 
but blackened by 
it. 

Black predpUaie, 
insoluble in ex- 
cess. 

Scarlet red preci- 
pitate. 


For solids. 

4. Fuse with 
Na^COs on char- 
coal in the inner 
»lowpipe flame : 


White malleable 
globules of metal 
which mark pa- 
per; yellow in- 
crustation on the 
charcoal. 

1 


White malleable 
globules or scales 
which do not 
mark paper; no 
incrus^tion. 


No metallic glo- 
bules. 

Confirm by heating 
with Na^CO. in 
an ignition tube 
(147). 
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Separation and detection of metals in Group I. 

221.* The following differences are made use of: — 

1. The solubility of PbClg in boiling water, in which 
AgCl and Hg'gClg are insoluble. 

2. The solubility of AgCl in AmHO, in which Hg'gClg is 
insoluble. 

The presence of each member when separated is then con- 
firmed by one of its special tests. 

222.* A solution^ which is to he examined for Pb, Ag, 
and ffg\ is precipitated by adding HCl in excess; it is 
then filtered, and the clear filtrate is tested with more HCl 
to ascertain that no further precipitate is produced. The 
precipitate is then examined by Table I. (433). 



The foregoing reactions only include those for the metals of common 
occurrence. For information concerning the reactions, detection and 
separation of the rarer metals and organic bases, the student is referred 
to the latter part of the sixth section of this book. 
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REACTIONS FOR ACID-RADICLES. 



The acid-radicles are usually detected in the course of 
analysis by special tests. They cannot advantageously be 
precipitated in groups and the members of each group 
then separated and identified, as is the case with the metals. 
Accordingly the arrangement here adopted consists in 
placing together in a group such acid-radicles as somewhat 
resemble one another in their reactions ; and at the end of 
each group stating upon what differences the detection of 
its members when occurring together depends. 

The reactions for acid-radicles are worked through in the 
same way as those for the metals ; a salt or other compoimd 
containing the radicle being employed. At the end of each 
group the student may with advantage detect one or more 
of its members, as was done with the metals. 

The systematic Tables of Differences, such as are given 
for each group of the metals, are not drawn out for the acid- 
radicle groups. The student should have no difficulty in 
constructing such tables for himself, either mentally or on 
paper, by looking through the reactions. 



GROUP I.— SULPHATE GROUP. 

Sulphates are the only commonly occurring salts which 
give with BaClg a precipitate which is insoluble in boiling 
HCl. Fluosilicates resemble sulphates in this respect ; but 
they differ in so many other reactions that they are con- 
sidered hereafter (299-301) in connection with fluorides and 
silicates, to which they are analytically more closely related. 
Selenates also yield a precipitate of BaSeO^ on addition of 
BaCl,, but this precipitate dissolves when it is boiled for 
some time with strong HCl (493). 
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Sulphates (- "SO4).— Use NaaSO^.lOHgO. 

227. BaCl^, or Ba{NO^c^\ white precipitate (BaSOJ, 
insoluble when boiled with dilute HCl or HNO3. 

Add BaClg or Ba(N03)2 ^ strong HCl or HNOg. A white 
precipitate will be produced consisting of BaClg or Ba(N03)2, 
which is insoluble in the strong acid. These precipitates are 
readily distinguished from BaSO^ by their solubility in water. 

228. If a sulphate, or any solid substance containing 
sulphur, is mixed with solid NagCOg and fused on charcoal 
in the inner blowpipe flame, it will yield NagS : — 

Na^SO^ + 4C = NagS + 4C0 . 

The NagS is readily detected by detaching the cold solid 
mass from the charcoal with the point of a knife, placing a 
portion of it upon a bright silver coin, and moistening it 
with a drop of water. After the moistened mass has re- 
mained upon the coin for a short time, it should be rinsed 
ofi^; a black stain (AggS) will then be seen upon the silver 
where the substance rested (231). 

Another portion of the cool mass may be moistened with 
a drop of HCl. A fetid smell of HgS will then be observed ; 
and a piece of paper moistened with PbAg solution and held 
above it will be blackened (230). 

This test is evidently only of value for detecting a sulphate 
when it is known that sulphur is not present in any other 
form in the substance to be tested. It is also necessary that 
sulphur should not be introduced in the NagCOg, or by the 
flame. And since coal gas may contain sufficient sulphur to 
give the above reaction with pure NagCOg, it is always ad- 
visable to employ the flame of a spirit lamp rather than that 
of a gas burner for this reaction. 

Hydrogen sulphate, or sulphuric acid (HgSO^), even when 
dilute, may be detected by producing black charred stains on 
paper which has been dipped into it and dried by heat. It also 
has a strongly acid reaction to litmus, and evolves hydrogen 
when it is diluted and warmed with Zn. These properties 
are, however, shown by some metallic and acid sulphates. 

K 
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GROUP II.— CARBONATE GROUP. 

The five following classes of salts give off characteristic 
gases when they are acted upon by HCl. 



Carbonates (-"CO3). — Use NagCOg, or CaCOg. 

229. HCl^ HA^ ^2^> ^^ almost any other acid, if poured 
upon a carbonate in a test-tube, causes colourless almost 
inodorous carbon dioxide gas (COg) to escape with efferves- 
cence. This gas is recognised by its property of turning 
lime or baryta water milky by the production of an insoluble 
carbonate. 

The test may be tried in several ways. 

1. The acid may be poured upon the carbonate in a test- 
tube. A glass rod, which has been dipped into some perfectly 
clear lime water and has a small drop adhering to its end, 
is then introduced into the test-tube, without touching the 
liquid or the inside of the tube ; the drop will quickly become 
milky. The milkiness is best seen when the drop is held 
above a dead black surface. 

2. Since COg gas is much heavier than air, it will remain 
in the test-tube in which it has been liberated, if the tube 
is held erect and its mouth is loosely closed with the thumb. 
By gradually sloping the tube, the heavy gas may then be 
poured into another test-tube containing lime water, without 
allowing any liquid to flow out. On closing this tube with 
the thumb, and shaking the lime water up with the gas, the 
liquid will become milky. 

3. The acid may be poured upon the carbonate in a small 
beaker, which is immediately covered with a watch glass 
with its convex surface downwards and having a drop of clear 
lime water adhering to the middle : the drop will become 
milky. 

4. If the CO2 is given off in considerable quantity, it may 
be made to pass into some lime water contained in a separate 
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tube. This is effected by either of the forms of apparatus 
shown in (fig. 46). 

In testing for a carbonate the following precautions must be 
attended to. 

The milkiness produced in lime water by COj gradually disappears 
when more CO2 is absorbed. Hence if the lime water 
does not become milky at (xnce, it must be constantly •^^^* ^"* 
watched, in order to avoid the risk of the milkiness 
not being observed before it has disappeared. 

Also if the addition of the first few drops of acid 
does not cause an effervescence of CO2, more acid 
should be added ; since many carbonates retain the 
first portions of COq by forming acid carbonates, as is 
shown by the following equation : — 

NagCOs + CO2 + H2O «= 2NaHC08 . 

A solid substance, which is being tested for a carbonate by HCl, 
should be first moistened so as to drive out the air bubbles entangled 
in it, since these while escaping might be mistaken for a sl^ht 
effervescence of CO2 . 

Hydric carbonates , or bicarbonatesy are decomposed by heat into 
normal carbonates, with escape of CO2 and HaO . Prove this by adding 
NaHCOs to boiling water in a test-tube, when effervescence will 
occur: 2NaHC03=Na2C08+C02+HjO. 

A solution of a bicarbonate, if made with cold water, gives no pre- 
cipitate with MgS04 solution ; but after the solution has been boiled 
it will contain a normal carbonate, and this will give a precipitate of 
white MgCOg . 

With HgClg the solution of a bicarbonate yields a pale yellow precipi- 
tate, while solution of a normal carbonate yields a red precipitate. 

Hydrogen carbonate, or carbonic acid (HgCOg), can only 
exist in dilute aqueous solution. Addition of lime water to 
its solution causes milkiness. But since other substances in 
solution behave in a similar way, the acid is best found by 
boiling the liquid, and passing the COg, which is evolved 
with the steam, into lime water ; the lime water becomes 
milky. Bicarbonates give the same result. 
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Sulphides ( - "S). — Use FeS or AnigS. 

230. HCl or H^SO^, when poured upon a small fragment 
of FeS, causes HgS gas to escape with effervescence. This 
gas is detected by its fetid smell, resembling that of rotten 
eggs; also by its property of blackening PbAg solution, owing 
to the formation of PbS. The gas may be made to act upon 
the PbAg solution by the methods given for COg (229. 1-4); 
or a small strip of filter paper, moistened with the solution, 
may be introduced into the gas on the end of a glass rod. 

This test is made much more delicate, if the paper is 
moistened with a solution prepared by adding KHO to 
boiling PbAa solution until the precipitate formed at first 
is redissolved. A test paper thus prepared becomes in- 
tensely blackened by HgS. The paper strip should be 
attached to the rod by only half its length, so as to expose 
both sides of the free end to the gas. 

231. A solution of a sulphide if dropped upon a bright 
silver coin produces a black stain (AggS). This may be 
removed by rubbing the coin with moist lime. 

232. An insoluble sulphide, such as FeS, which gives ofi* 
HgS on the addition of HCl, produces a black stain when it 
is placed on a silver coin and moistened with a drop of 
HCl. 

233. PhA^ solution gives with soluble sulphides a black 
precipitate (PbS). The solution produced by adding KHO 
in excess to PbA^ solution is a more delicate reagent for 
this test. 

234. Free S and many sulphides, when strongly heated 
in a test-tube, give a sulphur sublimate consisting of brown 
drops or of yellow powder. 

If heated in a tube open at both ends, instead of in a 
test-tube, the tube being held obliquely in the flame, they 
give off SO2 gas. This gas may be recognised by its pun- 
gent smell and by turning paper moistened with KgCrgOy 
solution green. 
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235. Reaction (306) for a cyanide may be employed as a 
very delicate test for a soluble sulphide. 

An insoluble sulphide, when fused with NagCOg in a 
covered porcelain crucible or in a hard glass ignition tube, 
yields soluble NagS, which may be detected by the above 
tests. 

A sulphide when fused with KNO3, or when heated with 
strong HNO3, yields a sulphate; which may be detected in 
solution by BaCla (227). 

Hydrogen sulphide, or hydrosulphuric add (HgS), in 
aqueous solution is easily recognised by (231) or (233). 
Unless the solution is very dilute it emits HgS, which is 
readily detected by its smell, or by suspending lead acetate 
paper over the liquid (230). 



Sulphites ( - "SO3). — Use NagSOg . 

236. HCl or H^SO^., when poured upon NagSOg and 
warmed, gives off SOg gas ; which is known by its pungent 
smell and by turning KgCrgO^ solution green. A drop of 
the KgCrgOy solution hanging on the end of a glass rod may 
be exposed to the gas (229); or a small strip of filter paper 
may be wetted with the bichromate solution and then 
attached by half its length to the rod, the other half hang- 
ing freely in the gas. 

237. BaCl2 : white precipitate (BaSOg). This is entirely 
soluble in HCl, unless NagSO^ is also present when BaSO^ 
remains undissolved. On adding CI- or Br-water to the 
HCl solution, BaSO^ is formed and precipitated : — 

BaSOg + 2HC1 = BaClg + HgSOg . 

BaClg + HgSOg + H2O + 2C1 = BaSO^ + 4HC1 . 

238. The addition of ^a^SO^ solution to a mixture of 
HCl and Zn, which is giving off pure H, immediately 
causes an evolution of HgS. The HgS is detected by its 
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smell, or by blackening a piece of filter paper moistened 
with solution of Pblg, or of PbO in excess of KHO (230), 

Hydrogen sulphite^ or sulphurous add (HgSOg), can be 
detected in aqueous solution by adding a drop of KgCrgO^ 
solution, which will at once become green. Strong aqueous 
solution slowly evolves SO2, which is detected by its smell ; 
dilute solutions also evolve SOg when they are heated. 



Thiosulphatbs, or Hypositlphites ( - "S2O3) . 
Use Na-gSgOg.SHgO solution. 

239. HCl or H^O^ causes no immediate change in the 
cold solution ; but the acidified liquid after standing for a 
few seconds deposits a precipitate of yellow S, and then con- 
tains H2SO3. Hence SOg may be recognised by its pungent 
smell when the acidified liquid is heated, and may be de- 
tected in the solution by adding a few drops of red KgCrgO^ 
solution, which changes colour to green. 

240. Fe^Cl^ gives a reddish-violet colour ; which vanishes after a 
short time in the cold, and immediately when heated. The Yejui^ 
solution at the same time loses its yellow colour owing to the change 
of FegClgintoFeCla. 

240a. AgNO^; a white precipitate (AggSgOg), becoming 
black after standing for a short time, or immediately when 
heated, owing to the formation of AggS : — 

AggSA -h H2O = AgaS -t- H2SO4 . 

The above precipitate (AggSgOg) dissolves very readily in 
excess of the NagSgOg solution, hence it is most easily ob- 
tained by dropping the latter into some AgNOg solution. 

Hydrogen thiosulphate, or thiosulphuric add (HgSgOg), is 
extremely unstable, rapidly separating into S-^H2S0J 
(239). 
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Hypochlorites ( - 'CIO). — Use CaClgO . 

Hypochlorites in the solid state or in strong solution 
give off HCIO ; the smell of which resembles that of CI. 

241. HCl or H^SO^, sets free CI from a hypochlorite in 
the cold. The gas may be recognised by its smell, its 
yellowish colour, and by bleaching a piece of moistened litmus 
paper which is held for a short time in the tube. If the 
CI is small in quantity and remains dissolved, a piece of 
litmus paper may be shaken up with the solution. 

Bleaching by a solution of hypochlorite may occur slowly 
even without the addition of acid, owing to the bleaching 
power of the hypochlorite itself. By heating the solution, 
or exposing it to the COg of the air, the bleaching is hastened. 
On the addition of an acid, however, the bleaching of the 
immersed paper is very rapid : — 

CaCl20 + 2HC1 = 2C1 + CaClg + HgO . 

242. If a solution of a hypochlorite is added in large 
quantity to PbAg solution, it gives a white precipitate; 
which becomes red and then dark brown (PbOg) when the 
liquid is boiled for a short time. 

When a hypochlorite is heated with MnCL solution, it 
also gives a dark hrovm precipitate. 

Hydrogen hypochlorite, or hypochlorous add (HCIO), is a 
yellow liquid with sweetish smell, and is very unstable un- 
less largely diluted. It bleaches litmus and evolves CI when 
it is warmed with HCl. 



Nitrites ( - 'NOg).— Use KNOg . 

243. When a nitrite is warmed with dilute HgSO^, it 
evolves reddish-broAvn gas with a characteristic smell. The 
colour is best seen by looking down the tube at a white 
surface. 

244. When cold FeSO^ solution is added to the solution 
of a nitrite, it becomes brown. The colour becomes much 
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more intense on the addition of cold dilute HgSO^. It is 
due to a compound of NO with FeSO^ ; which is destroyed 
by boiling the liquid, when a red gas is given oflF (243). 

245. Drop a little starch powder into some cold water in 
a porcelain dish, stir and boil for a short time. Then cool 
the starch solution, and add to it a few drops of KI solution. 
Then add some solution of a nitrite and several drops of 
HA. An intense blue colour will be produced; which is 
due to the combination of the starch with iodine, set free by 
the HNOg. The test is best made in a white porcelain dish ; 
the liquid, which often appears black at first, being diluted 
if necessary until its blue colour becomes visible. This is a 
most delicate test if the liquid is quite cold : and it is of 
value if the colour is not produced until the HA is added. 

Hydrogen nitrite, or nitrotbs add (HNOg), is extremely 
unstable ; decomposing rapidly into HNOg, NO, and HgO . 



Detection op Acid-Radicles in Group IL 

246*. The detection of these dcid-radicles when occurring 
singly presents no difficulty. But their detection when 
mixed is complicated by the fact, that most of the acids 
which are formed on the addition of HCl to the salts of this 
group react upon one another. Thus HCIO oxidises HNOg, 
HgS and HgSOg; and HgSOg oxidises HgS. The analyst 
may often by skilful use of the above reactions detect these 
acid-radicles when they are mixed. But their detection in 
certain mixtures is a problem which is only soluble by care- 
ful consideration, and is not unfrequently insoluble. 

SO2 may be detected by KgCrgO^ paper : HgS by PbAg 
paper : CI by bleaching moist litmus paper : a nitrite by 
evolving reddish-brown gas. But COg can only be detected 
in the presence of much SOg by passing the gases through 
hot KgCrgOy solution which absorbs SOg, COg passing on 
and being detected by lime water. 
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GROUP III.— NITRATE GROUP. 

This group includes nitrates and chlorates. These salts 
resemble one another in many respects, more particularly in 
the fact that none of them are perfectly insoluble in water ; 
hence no method of precipitating them is known. 



Nitrates ( - 'NO3).— Use KNO3 . 

247. Add to some KNO3 solution, contained in a rather 
broad test-tube, about an equal bulk of strong HgSO^. Cool 
the liquid in a stream of cold water from the tap. Then pour 
some strong cold FeSO^ solution in a gentle stream from a 
pipette down the inside of the tube, which is held in an 
inclined position. A distinct layer of the FeSO^ solution 
should thus be formed on the surface of the acid liquid. A 
dark hrovm film or ring, which sometimes extends upwards, 
will then appear where the liquids are in contact. 

The colour is most easily seen by holding a piece of filter 
paper between the tube and a bright flame or window, and 
looking through the tube at the light A mere yellow 
colour is often produced in the absence of a nitrate, and may 
be disregarded. 

The test is made more delicate by letting the tube stand 
in a beaker of cold water for a few^ minutes, since heat pre- 
vents or removes the brown coloration. If much nitric acid 
is present, the brown colour extends upwards on mixing the 
acid and FeSO^ solution; until the heat evolved by the 
dilution of the strong HgSO^ causes the NO to escape and 
to form reddish-brown gas in the test-tube ; the liquid at the 
same time loses its dark brown colour (244). 

248. Put a few small scraps of Cu into some KNO3 solu- 
tion, and add strong HgSO^. Reddish-brown gas will appear 
either at once or on warming the tube. The colour is best 
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seen, when it is faint, by looking down the tube at a white 
surface. The liquid at the same time becomes blue from 
the production in it of Cu(N03)2 : — 

8HNO3 + 3Cu = 2N0 + 3Cu(N03)2 + 4H2O . 

NO is a colourless gas, but it yields reddish-brown N2O4 
by oxidation when mixed with air. 

249. If cold dilute indigo solution is poured into cold 
KNO3 solution, until it is decidedly blue, the blue colour 
remains unchanged on the addition of H2SO3 solution free 
from H2SO4. This reaction distinguishes a nitrate from a 
chlorate. 

250. If any solid nitrate is heated to redness with fusion 
mixture (Na2C03 + KgCOg) on platinum foil for several 
minutes, a soluble alkaline nitrite is formed. If the foil, 
after cooling, is boiled in water, a portion of this solution 
may be proved to contain a nitrite by the test in paragraph 
(245). Another portion, acidified with HNO3, will be found 
to give no precipitate with AgNOg. Compare (254). 

A nitrate in solution may also be reduced to a nitrite by 
the action of nascent hydrogen. Add dilute H2SO4 to some 
KNO3 solution; on the addition of freshly made starch 
solution containing KI no colour will be produced ; but on 
dropping in a fragment of Zn, the liquid will assume a deep 
blue colour (245). 

251. Solid KNO3 when fused on charcoal in the blowpipe 
flame deflagrates ; that is to say, the surface of the charcoal 
bums rapidly like gunpowder. 

251a. Many metallic nitrates, when heated in a glass tube 
closed at one end, evolve reddish-brown gas with a charac- 
teristic smell (N2O4) and oxygen : PbNgOg = NgO^ -h -t- PbO. 
The N2O4 is recognised by its colour and smell, and the 
by inflaming a glowing splinter of wood. Lead nitrate may 
be used in trying this experiment. 

Hydrogen nitrate^ or nitric add (HNO3), has a strongly 
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acid reaction It gives with FeSO^ solution a brown ring 
(247) ; and with Cu a reddish-brown gas and a blue solu- 
tion (248). When it is evaporated with quill clippings it 
stains them bright yellow. 



Chlorates ( - 'CIO3).— Use KCIO3 . 

252. If cold dilute indigo solution is gradually added to 
a cold solution of KCIO3, until the liquid is coloured faintly 
but distinctly blue ; and some HgSOg solution is then poured 
in and the mixture is shaken ; the blue colour of the indigo 
is at once destroyed (249). 

253. Strong H^SO^, when poured upon a little solid KCIO3 , 
becomes orange red in colour, and evolves when shaken a 
bright yellow^ gas (ClgO^) : — 



3KCIO3 -H H2SO4 = CI2O4 -h KCIO4 + K2SO4 + H2O . 

This gas has a smell somewhat resembling that of chlorine. 
It explodes readily when it is gently heated; hence, on 
warming the mixture in the tube, crackling sounds or small 
explosions will be produced. 

This experiment may be dangerous, unless very little 
KCIO3 is used and the mixture is heated gently with the 
mouth of the test-tube turned away from the person. 

254. AgNO^ produces no precipitate with KCIO3 solution 
which is free from KCl. 

But if some solid KCIO3 be heated in a test-tube, it fuses 
and gives off oxygen with effervescence. This gas may be 
recognised by holding in the tube a slip of wood with a 
spark at its end, the spark is caused to burst into a flame. 

If the tube is then allowed to cool, and the residue is 
dissolved by heating it with water ; a portion of the solu- 
tion will be found to give no reaction for a nitrite (245) : 
but another portion will give on addition of AgN03 a 
white precipitate (AgCl), which does not dissolve in HNO3 
even on boiling, but dissolves readily in AmHO (257). 
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This precipitate is caused by KCl formed from the chlorate : 
KCIO3 = KCl + O3 . 

A chlorate which does not yield a soluble chloride must 
be mixed with fusion mixture before it is heated. 

This reaction readily distinguishes a chlorate from a 
nitrate. 

255. If KClOg is heated on charcoal in the blowpipe 
flame, it causes the charcoal to deflagrate. 

Hydrogen chlorate, or chloric acid (HCIO3), is a colourless, 
odourless liquid, which first reddens and then bleaches 
litmus paper. On being kept for some time it changes into 
0, CI, HCIO4 and H2O. The same change occurs rapidly 
when it is heated. 



Detection of a nitrate and a chlorate. 

256*. There is little difficulty in distinguishing a nitrate 
from a chlorate. 

When present together they more or less interfere with 
one another's reactions. But in the absence, or after the 
removal, of chlorides and nitrites, they may be detected 
by heating the solid substance strongly for a short time, and 
then testing for a nitrite and a chloride (250, 254). 
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GROUP IV.— CHLORIDE GROUP. 

Chlorides, bromides and iodides closely resemble one 
another in their reactions. They are all precipitated by 
AgNOg from solutions to which HNO3 has been added in 
excess. In this respect they dififer from all salt^s except 
cyanides, ferrocyanides and ferricyanides ; and these are 
easily distinguished by other means. 



Chlorides ( - 'CI). — Use NaCl . 

257. AgNO^, when added to the solution of a chloride, 
gives a pure white precipitate (AgCl). This precipitate 
collects into curdy masses if the liquid is heated or shaken, 
and rapidly turns violet in sunlight, slowly darkening even 
in diffused daylight. 

Decant the water ; warm one portion of the precipitate 
with HNO3, it will not dissolve; to another portion add 
AmHO, it will readily dissolve. AgCl is also soluble in 
KCy and in NagSgOg solutions. Decant the liquid and 
warm the precipitate with a little strong HgSO^ ; the acid 
will remain colourless and no coloured vapour will be given 
off. 

258. Warm some solid NaCl with strong HgSO^ ; colour- 
less HCl will be given off, and may be recognised by fuming 
in the air, by reddening moistened blue litmus paper, and by 
making a drop of AgNOg solution acidified with HNO3 
milky (229. 1-4). 

259. Mix together intimately some finely powdered NaCl 
and MnOg ; then add strong HgSO^ and warm the mixture ; 
chlorine gas will be evolved : — 

2NaCl + MnOg + SHgSO^ = 2C1 + MnSO^ + 2NaHS04 + 2H2O. 

This gas is recognised by its power of bleaching a piece 
of moistened litmus paper, which is introduced into the tube 
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on a glass rod. The most delicate way of making this test 
is to mix the substances in a small beaker, cover this with a 
watch glass which bears on its under surface a piece of moist 
litmus paper, and then warm the mixture and let it stand 
for some time. 

Moist starch is not coloured when held in the escaping 
gas. 

Many samples of commercial MnOg evolve CI when heated with 
H2SO4. Hence unless the Mn02 has been specially prepared by pre- 
cipitation, it must be carefully tested before it is used for this reaction. 
Or the Mn02 and H2SO4 may be first boiled together as long as any 
bleaching action is produced when moist litmus is held in the tube ; 
then the substance to be tested is added and CI is again tested for while 
the mixture is being heated. 

260. If an intimate mixture is made of solid NaCl with 
three or four times as much KgCrgO^, by rubbing the two 
substances together to a fine powder in a mortar ; and this 
mixture is stirred with strong HgSO^, and heated in the 
tube or flask represented on page 147; reddish-brown vapour 
(CrOgClg) will be evolved : — 

4NaCl + KgCrgO^ + GHgSO^ = 2Cr02Cl2 + 4NaHS04 + 

2KHSO4 + 3H2O. 

If the vapour escaping from the delivery-tube is passed 
into some water in a test-tube, the water will become red- 
dish-yellow in colour, owing to the formation of HgCrO^ : — 

Cr02Cl2 + 2H2O = HgCrO^ + 2HC1 . 

On adding excess of AmHO to the reddish-yellow liquid, 
the colour changes to pale yellow, since AmgCrO^ is formed. 
On now adding excess of HA, the original reddish-yellow 
colour is reproduced; and the presence in this liquid of 
HgCrO^, and therefore indirectly that of a chloride, may be 
shown by the formation of a yellow precipitate (PbCrO^) on 
the addition of PbAg solution. 

The detection of a chloride by this method depends on 
the formation of 1I2CtO^ in the water in the test-tube from 
the vapour of CrOgClg. Great care must therefore be taken 
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that none of the mixture containing a chromate is allowed 
to get into the delivery-tube and thence into the water. 

Care must also be taken that the water is not sucked 
back into the hot strong HgSO^. This is prevented by 
raising the delivery-tube out of the water as soon as the 
heating is stopped. 

Hydrogen chloride, or hydrochloric add (HCl), is a colour- 
less gas which fumes in the air and dissolves very readily 
in water. Both the gas and its solution render milky some 
AgNOg solution which has been acidified with HNO3. The 
acid evolves chlorine gas when it is heated with MnOg. 



Bromides ( - 'Br). — Use NaBr . 

261. AgNO^, when added to the solution of a bromide, 
gives a yellowish-white precipitate (AgBr). This precipitate 
is easily coagulated by heating or shaking the liquid ; it is 
insoluble in HNO3, easily soluble in KCy and in NagSgOg 
solutions, and slightly soluble in AmHO. It therefore 
resembles AgCl in these respects, but it is distinguished by 
its colour. If the liquid is decanted and the precipitate is 
heated with strong HgSO^, no violet vapour will be evolved 
as is the case with Agl. 

262. Solid NaBr, when heated with strong HgSO^, gives 
off acid fumes (HBr) and reddish-brown vapour of Br. This 
vapour somewhat resembles CI in smell and in bleaching 
power, but differs from it in colour. Bromine vapour also 
has the power of staining cold moist starch orange-red. The 
starch powder may be taken up on the wetted end of a 
glass rod, and moistened by breathing upon it several times. 
If MnOg is mixed with the NaBr powder before adding 
HgSO^, Br is evolved in greater quantity and more readily 
(259). 

263. Chlorine water, or CaClgO solution acidified with HCl, 
if added carefully drop by drop to the solution of a bromide, 
liberates Br, which colours the solution orange-red. Excess 
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• 1 

of CI must be carefully avoided, since it combines with the 
Br and destroys its colour : NaBr + CI = Br + NaCl . 

On warming a part of this solution, reddish-brown Br 
vapour is given off, which stains cold moist starch orange- 
red (262). 

If CSg is added to another portion of the solution of Br, 
and the liquids are well shaken together, the Br will be 
dissolved away from the water by the CSg. On standing, 
the reddish-brown CSg solution will sink beneath the colour- 
less water. If a little KHO solution is added and the 
liquids are shaken up together, the colour of the Br will 
disappear from the CSg ; this is due to the formation of the 
colourless salts KBr and KBrOg, which remain in solution 
in the water : — 

6Br + 6KH0 = 5KBr + KBrOg + SHgO . 

264. If an intimate mixture of solid NaBr and KgCrgO^ 
is heated with strong HgSO^ (260), it will evolve reddish- 
brown bromine vapour : — 

6NaBr + KgCrgO^ + IIH2SO4 = 3Br2 + Cr2(S04)3 + eNaHSO^ 

-h 2KHSO4 + 7H2O . 

If the Br vapour is passed into water it will colour it 
reddish-brown. CSg, if shaken up with this brown solution, 
will dissolve away the Br and settle beneath the colourless 
water as a brown layer. On shaking the brown solution of 
Br in water or in CS2 with AmHO or KHO, the colour of 
the solution will be destroyed. This reaction serves to 
detect a chloride in the presence of a bromide (260). 

Hydrogen bromide, or hydrobromic acu} (HBr), is a gas 
resembling HCl. Its solution differs from that of HCl by 
evolving Br vapour when it is heated with MnOg . 



Iodides ( - 'I). — Use KI . 

265. AgNO^,, when added to the solution of an iodide, 
gives a yellow precipitate (Agl). This precipitate is easily 
coagulated by heating or by shaking the liquid: it is 
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insoluble in HNO3, and very slightly soluble in AmHO, but 
is easily soluble in KCy and in NagSgOg solutions. 

This precipitate differs from AgCl and AgBr by its colour 
and by its slight solubility in AmHO ; but more particu- 
larly by its behaviour when heated with strong HgSO^. If 
the liquid is decanted from the precipitate, and the pre- 
cipitate is then heated with strong HgSO^, the acid becomes 
coloured red, and violet vapour of iodifie is seen on looking 
down the tube. The colour is most distinctly seen after 
the tube has been allowed to cool for a short time. Traces 
of iodine vapour may be detected by holding in the tube a 
glass rod which has been dipped into freshly made starch 
solution ; the starch will be coloured blue. 

The starch solution is made by throwing a little starch powder into 
water in a small porcelain dish, stirring, then boiling for a few seconds 
and cooling the solution. 

266. Cu^SO^, obtained by mixing CuSO^ solution with 
HgSOg or with FeSO^ solution, gives in the solution of an 
iodide a white precipitate (CU2I2). Gentle warming, or 
partially neutralising the free acid by AmHO, will cause 
this precipitate to form more quickly : — 

2CUSO4 + H2SO3 + H2O = CU2SO4 + 2H2SO4 
2KI + CU2SO4 = CU2I2 + K2SO4 . 

If this precipitate is separated by decantation or filtration, 
and is then warmed with strong H2SO4, the acid becomes 
red, and violet iodine vapour is evolved. 

Solutions of chlorides and bromides are not precipitated 
by CU2SO4 . 

267. If a solid iodide is warmed with strong HgSO^, acid 
fumes (HI) and violet iodine vapour will be evolved. If 
the iodine vapour is large in quantity, it will condense on 
the inside of the tube as a black solid. This vapour colours 
starch solution blue, as may be proved by holding in it a 
rod or strip of paper moistened with freshly made starch 
solution; or the heavy fumes may be poured out into a 
white porcelain dish, the inside of which has been wetted 

L 
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with the starch solution. Iodine is more readily and plenti- 
fully evolved, if MnOg is mixed with the iodide before adding 
H2SO4 (259). 

268. Chlorine water, or CaClgO solution acidified with 
HCl, added carefully drop by drop to the solution of an 
iodide, sets iodine free. This dissolves in the water, giving 
a brown liquid. Addition of CI in excess must be carefully 
avoided, as it would form colourless iodine chloride, which 
does not give the following reactions. Divide the brown 
liquid into three parts. 

Heat one part; violet iodine vapour will be given off. 
This is best seen by looking down the mouth of the tube at 
a white surface. The colour is most distinctly seen if some 
strong HgSO^ is added to the liquid before heating it. If 
a glass rod is dipped into starch solution and held in the 
vapour, the starch becomes blue. 

To another portion add starch solution; an intense blue 
colour will be produced. The colour often appears black 
unless much starch solution is added and the liquid is 
largely diluted. On warming the solution it becomes 
colourless, but it often regains its colour ^n being cooled. 
The solution must be diluted and the starch added in 
excess, to insure the removal of the colour by heat. 

To the third portion add a drop of CSg and shake well ; 
the CSg will dissolve the iodine, and gradually form a 
beautiful violet layer beneath the water. Add a little 
KHO solution and shake the liquids together; the violet 
colour of the CSg will disappear, owing to the formation of 
the colourless salts KI and KlOg . 

269. If a little KNOg is dissolved in the solution of an 
iodide and any dilute acid is added, HNOg is produced and 
liberates the iodine. A solution of NgO^ in dilute HgSO^ 
also sets free iodine from KI (546. 4). The iodine thus 
liberated in solution may be identified by the three methods 
described in (268), of which the starch and the CSg tests 
are the most delicate. 

These two reagents for liberating iodine have the advan- 
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tage over CI, that they do not hinder its detection if they 
are added in excess. They are also useful because they do 
not liberate Br from its compounds. 

270. HgCl^ solution gives with the solution of an iodide 
a scarlet precipitate (Hgig), which is easily soluble in excess 
of HgClg or of the iodide. With a solution of a bromide or 
chloride HgClg gives no precipitate. 

PMg gives with the solution of an iodide a bright yelloiv 
precipitate (Pbig). With the solution of a bromide or a 
chloride PbAg gives a white precipitate. 

Hydrogen iodide, or hydriodic acid (HI), is a gas re- 
sembling HCl and HBr. Its solution differs by evolving 
iodine when it is heated with MnOo . 



271. A chloride, bromide, or iodide, is easily detected by 
the foregoing tests. The reactions given in paragraphs 
(259) and (260) are perhaps the most characteristic tests 
for a chloride; and those described in (262), (263), and 
(264) for a bromide ; an iodide is detected with the greatest 
ease and certainty by reaction (269). 

The colour of the precipitate produced by AgNOg in the 
solution made acid with HNOg, and its behaviour with 
AmHO, are less trustworthy than the above tests, but often 
serve to indicate which of these acid-radicles is present. 
AgCl is pure white and very easily soluble in AmHO ; AgBr 
pcde yellow and not readily soluble in AmHO ; while Agl 
is primrose yellow and almost insoluble in AmHO. The 
action of hot strong HgSO^ on Agl, which is described in 
paragraph (265), is also distinctive. 



Detection of a chloride, bromide, and iodide. 

272.* The method of examination varies according to 
whether an iodide is present or absent. Since a chloride 
cannot be detected in the presence of an iodide, the ter 
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must be separated before proceeding to examine for the 
chloride (273. 1). In paragraph (274) a process is given for 
detecting an iodide and bromide ; it is of value only when a 
chloride has not to be tested for. 

273.* To a small portion of the solution, made just acid 
if necessary by the addition of dilute HgSO^, add a little 
cold freshly prepared starch solution. Then add drop by 
drop either strong HNO3, or one of the reagents mentioned 
in (269). The appearance of a dark blue coloration will 
show the presence of an iodide. The remainder of the solu- 
tion is examined for a chloride and bromide by the direc- 
tions given under 1 or 2, according as an iodide is present 
or absent. 

1. An iodide is present, — ^Add to the solution a reagent 
consisting of a mixture of CuSO^ solution with half its 
measure of strong HgSOg solution, and warm gently for a 
short time ; Cuglg will be precipitated (266). In order to 
be sure that the iodide is entirely precipitated, a small 
quantity of the liquid must be filtered and warmed with a 
little more of the above reagent. If any further precipitate 
is caused, the filtered portion is returned to the unfiltered 
liquid, more of the reagent is added to the whole, which is 
then warmed for a time and again tested as above to see if 
the precipitation is complete. These trials are repeated 
until a small portion of the filtrate gives no further pre- 
cipitate when it is warmed with more of the reagent. 

The whole is then filtered until it is perfectly clear ; KHO 
is added in excess to the filtrate, and the liquid is boiled. 
The precipitate thus produced is filtered off; and the filtrate, 
now freed from iodide, is tested for bromide and chloride as 
is directed below (2). 

2. Iodide is absent. — Make the solution alkaline, if it 
is not already so, by the addition of pure KHO; and 
evaporate it to dryness in a porcelain dish. Scrape the 
residue off the sides of the dish, and mix it with three or 
four times as much powdered KgCrgO^, by rubbing the two 
substances together in the dish with a pestle (260). Trans- 
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fer this mixture into a tube or flask (page 147) or a Clarke's 
retort, taking the greatest care to let none of the powder 
enter the delivery-tube. Then pour in sufl&cient strong 
HgSO^ to cover the powder to the depth of about a quarter 
of an inch ; at once insert the cork and dip the end of the 
delivery-tube into water contained in a test-tube. Mix the 
acid and powder by cautious shaking, and warm the mix- 
ture gently; carefully guarding against allowing any of the 
mixture to get into the delivery-tube and thence into the 
water in the test-tube. 

As soon as no more reddish-brown vapour is visible in 
the delivery-tube, discontinue the heating, and immediately 
withdraw the test-tube. If no coloured vapour has been 
evolved and the water in the test-tube is colourless, chloride 
and bromide are absent. If the water is coloured, pour into 
it sufficient CSg to form a layer at the bottom of the tube 
about as large as a small nut. Close the mouth of the tube 
with the thumb, and shake vigorously. If the CSg on 
settling shows a brown colour, the presence of Br, derived 
from a bromide^ is shown. 

Separate the water from the CSg by pouring it through a 
wet filter ; add to the filtrate AmHO in excess, then HA in 
excess, and PbAg solution. A yellow precipitate indicates 
the presence of a chromate, which proves indirectly that a 
chloride was present (260). 

273a.* The above method will also serve for the examina- 
tion for chloride, bromide and iodide in the precipitate 
obtained by adding AgNOg in excess to a solution. The 
precipitate is dried, and then fused for about ten minutes in 
a porcelain crucible with three or four times its bulk of 
fusion mixture. The cool mass is boiled with HgO for some 
time and filtered; and the filtrate is examined as is directed 
in (273). 

274.* If only an iodide and a bromide have to be tested 
for, pour sufficient CSg into the solution to form a large 
drop at the bottom. Add drop by drop either dilute ohJ^ 
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rine-water or acidified CaClgO solution, shaking thoroughly 
after each addition. Iodine will be liberated, if an iodide is 
present, and will colour the CSg purple ; but on continuing 
the addition of CI this colour will be destroyed. The pre- 
sence of a bromide may then be detected, on the further 
addition of CI, by the appearance of a hrovm coloration of 
the CSg ; this may also be destroyed by the addition of too 
much CI . 
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GROUP v.— PHOSPHATE GROUP. 

Phosphates and arsenates resemble one another closely in 
many of their reactions. They present points of difference, 
however, which render their distinction possible. 



Phosphates (-'"P04).--Use Na2HP04.12H20. 

275. MgSO^ solution, to which some AmCl has been added 
and then a little AmHO, gives with the solution of a phos- 
phate a white crystalline precipitate (MgAmPO^.GHgO). 
This precipitate is almost insoluble in AmHO, but is easily 
soluble in acids. If very little phosphate is present, the 
precipitate often appears only when the liquid has been 
gently warmed, then well stiiTed or shaken, and allowed to 
stand for some time. 

276. Fc^CIq solution, if dropped in after the addition of 

a little HA and NaA solution, gives a yellowish- white pre- 
cipitate of Fe'^PO^ : the precipitation is hastened by gentle 
heat. 

277. A drop of phosphate solution, when added to a solu- 
tion of AmHMoO^ in HNOg, gives a yellow precipitate. The 
formation of this precipitate is hastened by gently warming 
and stirring or shaking the liquid; but it often appears only 
after a time. A part of it usually adheres firmly to the in- 
side of the tube ] this may be removed by KHO, NaHO, or 
AmHO solution, in which it is readily soluble. The pre- 
cipitate is only slightly soluble in inorganic acids, and is 
practically insoluble in HNOg. 

This test if properly performed is most delicate : but careful atten- 
tiou must be paid to the following precautions. 

The AmHMo04 solution must be prepared according to the direc- 
tions given in (552, remark 40). 

The solution to be tested must not be alkaline to test paper. It is 
best made distinctly acid with HNOg. It is then to be added in small 
quantity only to some of the AmHMo04 solution in a test-tube ; more 
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being added if no yellow precipitate forms after a few minutes, when 
the liquid has been gently warmed and stirred. 

This last precaution is extremely important ; since the presence of 
an excess of phosphate altogether prevents the formation of the preei- 
pitaU, 

Show that this is the case, by pouring a few drops of AmHMo04 
solution into some Na2HP04 solution acidified with HNO3. ^® 
precipitate will form even on heating and shaking the liquid ; since 
the phosphate is present in large quantity as compared with the 
AmHMo04. On adding a few drops of this liquid to some fresh 
Am'HMo04 solution, the precipitate will appear. 

It must also be remembered that HCl retards or prevents the 
formation of this precipitate. A solution in nitric acid should there- 
fore always be used when possible. 

278. AgNO^: yellow precipitate (AggPO^): pour off a 
portion and show that the precipitate is soluble in AmHO 
and in HNO3. 

278a. A very delicate test for the presence of P, in the form of a 
phosphate or otherwise, consists in strongly heating the dry solid sub- 
stance with a small piece of Na in a little tube of hard glass closed at 
one end. On breaking the tube and breathing upon the powdered 
substance, a smell of onions (HgP) will be perceived. 

If a phosphate is made into a paste with strong HaS04 and heated 
strongly at the tip of the inner blowpipe flame, it gives a bluish-green 
colour to the flame. 

Many phosphates when they are moistened with (^(NOj), and 
heated in the outer blowpipe flame become blue. 

Hydrogen phosphate, or phosphoric acid (H3PO4), is a 
colourless crystalline substance. Its solution is strongly 
acid, but differs from HgSO^ by not charring paper which 
has been dipped in it and dried by heat. The presence of 
H3PO4 may be confirmed by reactions (275, 277). 



Arsenates ( - '"AsO^). — Use Na2HAs04.12H20 solution. 

279. The precipitates formed in reactions (275, 276, 277) 
by a phosphate, are precisely similar in appearance and 
general properties to those formed when the same reagents 
are added to an arsenate. The precipitate, however, which 
AgN03 gives with an arsenate is broiun, while that given by 
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a phosphate is yellow. Also AmHMoO^ gives a precipitate 
with an arsenate only on boiling the liquid, and not on 
gently heating it as with a phosphate. 

280. The folloioing differences serve to detect and separate 
a phosphate and an arsenate : — 

1. The fact that an arsenate yields a precipitate with 
AmHMoO^ only when the liquid is boiled; whereas the 
corresponding precipitate with a phosphate is produced by 
a gentle heat, 

2. An arsenate solution which has been boiled with strong 
HCl gives, when HgS is passed into the hot liquid, first a 
white precipitate of S and then yellow AsgSg ; a phosphate 
solution under the same circumstances gives no precipi- 
tate. 

3. In a perfectly neutral arsenate solution AgNOg gives 
a brown precipitate; with a phosphate it gives a canary 
yellow precipitate. 

281. The simplest method of ascertaining which of these 
two acid-radicles is present is to throw the precipitate pro- 
duced on addition of AmCl, AmHO and MgSO^ upon a 
filter; then wash it with a little cold water, and drop 
AgNOg upon it. If the precipitate consisted of MgAmAsO^ 
it will become brown; if it was MgAmPO^ it will become 

- canary yellow. 

Or the precipitate produced ^by the addition of AmCl, 
AmHO and MgSO^ may be examined for arsenate by dis- 
solving a part of it in dilute HNOg, adding AgNOg as long 
as it causes any white precipitate and then very dilute 
AmHO gradually drop by drop. If arsenate is present a 
brown precipitate will form just before the liquid becomes 
alkaline to test paper : a phosphate will give a yellow 
precipitate. Instead of mixing the dilute AmHO with 
the acid liquid, it may be gently poured in upon the 
top of it, when the colour will appear at the surface of 
contact. 
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Detection of an arsenate and a phosphate. 

282.* A clear mixture of AmCl, AmHO and MgSO^ solu- 
tions is added as long as any further precipitate is caused. 
A small portion of the precipitate is then filtered off, and 
tested at once for an arsenate by dropping AgNOg solution 
upon it. If the precipitate turns yellow, a phosphate alone 
is present. If the precipitate turns brown an arsenate is 
present, and must be separated from the other part of the 
precipitate before testing for a phosphate. 

The rest of the precipitate is accordingly filtered off, 
and dissolved in a little boiling strong HCl. HgS is 
then passed for several minutes into this hot solution; 
when the presence of an arsenate is confirmed by the 
precipitation of white S and yellow AsgSg. The precipitate 
is filtered ofl^ and HgS is again passed into the boiling 
filtrate. If any further precipitate is produced, the gas 
must be further passed until it no longer causes a pre- 
cipitate. The clear filtrate is then evaporated just to 
dryness, dissolved in a little dilute HNO3, and tested for a 
phosphate by adding a few drops of it to AmHMoO^ solu- 
tion and gently warming the liquid (277). 

An arsenite may be tested for by acidifying the filtrate 
from the Mg precipitate, and passing HgS into it. Yellow 
AsgSg will be precipitated at once if an arsenite is present. 
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VI.— UNGROUPED ACID-RADICLES. 

The following acid-radicles present no marked resem- 
blances to one another or to other acid-radicles in their 
reactions; they are therefore usually detected by special 
tests. 



Borates ( - 'BOg, or - "'BO3).— Use NagB^O^.lOHgO . 

283. Powder some borax finely, and stir it with a little 
dilute HCl on a watch glass. Immerse the lower half of a 
strip of turmeric paper in this liquid, and dry it on a watch 
glass in the steam-oven or on a water-bath, or above a small 
flame. The part which was moistened will appear reddish- 
brovon, and will become hluish^lach when moistened with 
AmHO. 

284. Pour methylated spirit upon some finely-powdered 
borax in a test-tube or porcelain dish. Add a little strong 
HgSO^ ; then heat the mixture and kindle the spirit. The 
flame will show a green edge, which is often best seen by 
blowing the flame out after it has burnt for a time, and 
then relighting it. This flame coloration is similar to that 
given by certain other substances ; but its spectrum, consist- 
ing of three or four equidistant green lines, is quite charac- 
teristic. 

285. If a mixture of CaFg and KHSO^ with borax or boric 
acid is finely powdered, moistened, and heated on a loop 
of platinum wire in the inner blowpipe flame ; it will colour 
the outer flame momentarily green after being heated for a 
short time. This test is not always decisive, since many 
phosphates and copper salts give a similar result The 
flame coloration is also liable to be masked by the colora- 
tions of other substances. 

Hydrogen borate, or boric acid (HBOg), is a white porous 
mass. When it is combined with 2H2O it forms a crystal- 
line scaly hydrate. These substances when strongly heated 
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yield a fusible glass consisting of BgOg. The solution of the 
acid turns litmus paper wine red. Reactions (283, 284, 
285) serve to detect boric acid. The acid is soluble both in 
HgO and in alcohol; on evaporating these solutions, the 
acid partially escapes with the vapour of the liquid. 



Chromates ( - "CrO^). — Use KgCrgO^. 

All chromates are more or less yellow or red in colour. The yellow 
solution of a normal chromate becomes orange-red on the addition of 
an acid, owing to the formation of a dichromate : while the reddish 
solution of a dichromate becomes pale yellow when made alkaline, 
owing to its conversion into a normal chromate. 

286. Various substances which readily combine with 
oxygen, deoxidise acidified KgCrgO^ solution with production 
of a chromic salt ; the colour of the solution at the same 
time changes from orange-red to bright green. 

Show this by adding HCl or HgSO^ to some KgCrgO^ 
solution, and deoxidising each of five portions by one of the 
following methoda In every case the colour of the liquid 
will change to bluish-green : — 

n. Pass HgS into the hot solution ; white S will separate 

owing to oxidation of thfe hydrogen of the HjS. 
h. Add NaHSOg or HgSOg and warm. 

c. Add alcohol and boil: the smell of aldehyde will be 

noticed. 

d. Boil for some time, after adding much strong HCl: 

CI gas will be slowly evolved. 

e. Add Zn and warm : the action of the nascent H will 

be slow in this case. 

Tlie following equations show the reactions which occur 
with llgS and with HCl :— 

KgCrgO. + 3n.,S + 8HC1 = Cr.p« + 2KC1 + THjO + Sj . 
Kf.v.fi^ + 14HC1'= 'QTf\ + 2KC1 + THgO + 3CI,. 

The equations representing the other processes of deoxida- 
tiuu may be drawn out by the student. 
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The green solution resulting from the above reactions 
will give all the reactions for a chromic salt (102-104): and 
since chromic acid is reduced by boiling HCl and by HgS to 
chromic salt, the presence of a chromate will lead to the pre- 
cipitation and detection of CrgHgOg in the ordinary course 
of analysis. 

286 a. Hydrogen peroxide (HgOg), (yr barium peroxide 
(BaOg), if added to a cold acidified solution of a chromate, 
produces an intense blue coloration, which is very evanescent. 
It is far more permanent if ether is first added and the liquid 
is vigorously shaken immediately after the addition of the 
peroxide, when the ether assumes and retains a blue colour. 
The addition of a few drops of strong HNOg is useful. This 
reaction is extremely delicate and characteristic. 

287. AgNO^ : purple-red precipitate (AggCrO J : soluble 
in AmHO and in HNO3 . 

288. PMg * yellow precipitate (PbCrO^) : soluble in 
KHO, insoluble in HA. 

289. BaCl^ : yellowish- white precipitate (BaCrO^) : in- 
soluble in HA, soluble in HCl. 

Hydrogen, chromate^ or chromic add (HgCrO^ ?) is present 
in the reddish-yellow liquid produced by dissolving CrOg in 
water, and by acidifying a solution of a chromate. Its 
solution evolves CI and becomes green if boiled with HCl. 
When neutralised by an alkali it becomes yellow and yields 
the above reactions for a chromate. 



SiucATBS ( - "SiOg). — Use NagSiOg solution, and finely 
ground sand (SiOg) for a solid. 

290. HCl added drop by drop to a solution of a silicate 
whilst stirring or shaking it, will give a gelatinous precipitate 
of H^SiO^, unless the solution is very dilute. The silicic 
acid, however, frequently remains in solution, hence the non- 
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appearance of a precipitate is no proof of the absence of a 
silicate. 

The solution of silicate used for these reactions is made of such a 
strength that acids do not cause a precipitate in it ; but by boiling 
some of it down to a quarter of its volume before adding the acid the 
precipitate is usually obtained. 

291. If a silicate is present in small quantity, or in dilute 
solution, it may be detected by acidifying the solution with 
HCl; then evaporating it to dryness in a porcelain dish; 
and heating the residue to 100° as long as acid fumes come 
off. Insoluble SiOg is thus produced, and will remain un- 
dissolved as a white powder, when the dry residue is stirred 
and warmed with strong HCl . 

During the last part of the evaporation over a flame, after the silica 
has separated as a gelatinous mass, spirting will occur unless the heat 
is lessened and the residue is stirred with a glass rod. This is best 
avoided by finishing the evaporation upon a water-bath as soon as the 
liquid thickens. The SiOg which is left undissolved by HCl, is seen 
on stirring the liquid and at once pouring it out into a glass vessel; it 
is soluble in hot KHO solution. 

292. AmCl, or Am^CO^^ causes a gelatinous precipitate of 
H4Si04, which usually forms only after a time. 

293. If solid SiOg or a silicate is fused into a bead of 
NagCOg, it causes frothing, which is due to the evolution of 
CO2 :— NagCOg + SiOg = CO2 + NagSiOg . 

294. When SiOg is fused into a bead of NaAmHPO^ it is 
not dissolved, but floats about in transparent particles ; and 
it is visible as little opaque masses in the cold bead. The 
particles of SiOg are usually most easily visible whilst they 
are in motion in the fused bead. 

Certain silicates, if moistened with Co(N03)2 and heated on charcoal 
in the outer blowpipe flame, become blue. 

Hydrogen silicate^ or silicic add (H^SiO^), can exist in 
solution in water, and has a slightly acid reaction. It is 
ordinarily met wdth, however, as a colourless gelatinous sub- 
stance, which does not affect the colour of litmus. In this 
form it is insoluble in water, and very slightly soluble in 
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acids, but dissolves as an alkaline silicate in solutions of the 
alkalis or alkaline carbonates. When strongly heated it 
yields a white insoluble powder (SiOg) which gives reactions 
(293) and (294). 

Fluorides ( - T). — Use finely powdered CaFg. 

The ordinary tests for a fluoride depend upon the hberation of 
hydrofluoric acid, which is allowed to act upon a glass surface and to 
etch or corrode it. 

295. If strong H^O^ is warmed with a little finely 
powdered CaFg in a test-tube, it liberates HF. This acid 
etches the glass, and causes the sides of the tube to throw 
off the liquid when it is shaken up, as a greasy surface 
throws off water. 

On washing away the cooled mixture and perfectly drying 
the inside of the tube, it will be found to be dimmed and 
roughened. Gentle friction with a glass rod will often 
detect the rough surface even when it is not perceptible to 
the eye. 

Thew etching, if slight, is best seen when the surface is 
breathed upon, or when the glass is so held as to observe its 
surface by the light it reflects. 

296. The test is much more delicate if it is carried out as 
follows. 

A watch glass is carefully heated by holding it in crucible 
tongs at some distance above a flame. Its convex surface is 
then rubbed with a piece of paraffin wax, and is thus covered 
with a melted layer. This layer may be made uniform by 
once more heating the glass, allowing any excess of wax to 
drop of, and keeping the glass moving while it cools. The 
coating is finally hardened by inmiersion for a short time in 
cold water. 

Lines or characters are then traced near the middle of the 
glass by gentle pressure with the point of a penknife ; the 
object being simply to remove the wax from these ] 
and not to scratch the glass. 

The glass thus prepared is placed with its coat< 
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downwards as a cover to a platinum crucible or small leaden 
cup, which contains a little finely powdered CaFg and some 
strong H2SO4. After pouring some cold water into the 
glass to keep it cool, the bottom of the vessel is heated by a 
very small flame ; and the covered vessel is allowed to stand/ 
for about fifteen minutes. 

The watch glass is then removed, and cleansed by hold- 
ing it with crucible tongs above the flame and quickly 
wiping oiF the melted wax. On the clean bright surface 
thus obtained, the traced lines will usually be visible at once 
on holding the glass up to the light ; but if mere traces of 
a fluoride were present the tracing will become visible when 
the cold surface is breathed upon. 

297. The above methods do not serve for the detection 
of a fluoride in the presence of a silicate or of silica ; since 
under these circumstances the action of HgSO^ liberates 
SiF^ instead of HF. 

SiF^ possesses no power of etching glass; but it produces 
white fumes in moist air; and when it is passed into dilute 
AmHO, it yields a colourless flocculent precipitate of 948104, 
and produces AmF in the solution. The formation of this 
precipitate is sufficient proof of the presence of a fluoride ; 
but after it has been filtered ofl" the AmF may also be 
detected in the filtrate by adding CaClg, filtering off the 
precipitate of CaFg, and drying and examining it by (296). 

The above method is sometimes employed for the detec- 
tion of a fluoride after intimately mixing SiOg with the 
substance to be tested. 

Use for this purpose a mixture of CaFg and SiOg, and 
drop a small piece of marble into the tube in which the 
SiF4 is being evolved, in order to produce COg which will 
carry that gas over into the AmHO solution. The changes 
which occur are thus expressed by equations : — 

2CaF2 + Si02 + 2H2SO4 = SiF4 + 2H2O + 2CaS04 . 
SiF4 + 4AmH0 = H4Si04 + 4AmF . 

298. CaCl^ when added to the solution of a fluoride gives 
"u almost transparent gelatinous precipitate (CaFg); which 
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becomes more visible when the liquid is heated or when 
AmHO is added. It is slightly soluble in HCl, but almost 
insoluble in HA. 

Solution of NaF may be prepared for this reaction by 
fusing a mixture of powdered CaFg and fusion-mixture on 
platinum foil for several minutes; then boiling the cool mass 
on the foil in water, filtering, and acidifying the filtrate 

with HA. 

Hydrogen fluoride^ or hydrofluoric add (HF), is at ordinary 
temperatures a colourless gas which fumes in the air, etches 
a moist glass surface, and dissolves easily in water. The 
solution of HF is acid in reaction, and differs from all other 
acids by dissolving SiO^ . 



Fluosilicatbs ( - "SiFg). — Use HgSiFg . 

299. BaClc^: white precipitate (BaSiF^), which usually 
appears only on gently warming the solution, and differs in 
this respect from BaSO^. It differs from BaSeO^ (493. 7) by 
being only slightly soluble in boiling HCl ; it is insoluble 
in alcohol. Allow this precipitate to settle and reserve it 
for reaction (301). 

The above precipitate somewhat resembles BaS04 by being rather 
insoluble in HCl, but it differs in appearance by being more or less 
transparent and crystalline. Fluosilicates differ also from sulphates 
by giving no precipitate with Sr(N08)2 or with Pb(N03)2. Further 
when heated with excess of AmHO they yield a flocculent precipitate 
of H4Si04 and AmF in solution (297). Fluosilicates differ also from 
sulphates by the following very distinctive reactions. 

300. KCl solution, when warmed with the solution of a 
fluosilicate, gives a very transparent gelatinous precipitate 
(KgSiFg); which is only visible after it has been allowed to 
settle for a time ; it is insoluble in alcohol. 

301. If strong HgSO^ is added to HgSiFg solution, or to a 
fluosilic9,te, and the mixture is heated, HF is given off and 
may be detected by its etching action on glass (296). 

M 
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This reaction is especially useful for ascertaining whether 
a precipitate produced by BaClg consists of or contains 
BaSiFg. For this purpose the precipitate from (299) is 
allowed to settle ; almost all the water is then poured off, 
the remainder is shaken up with the precipitate and at once 
poured into a watch glass ; the rest of the water is then 
decanted, and the precipitate which remains on the glass is 
warmed for some time with strong HgSO^. On washing 
and drying the glass, it will be found to be corroded (295). 

When the more delicate process (296) is employed, the 
precipitate should be shaken up with the liquid and poured 
off into a platinum crucible or leaden cup. The liquid is 
then decanted, and the precipitate is warmed with strong 
HgSO^ as is described in (296). 

The processes of filtering off and drying the precipitate 
may be substituted for decantation, but they are less 
rapidly executed. 

Hydrogen fluosilicate^ or hydrojiuosilicic add (HgSiFg), 
is a strongly acid liquid, which volatilises entirely as 
2HF + SiF^ when it is heated in a platinum vessel. If this 
acid is evaporated in a watch glass, the glass is etched. 
The acid is precipitated by KCl and by BaCl2 (299, 300). 
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ABACTIONS OF ORGANIC ACID-RADICLES. 

The following acid-radicles, although usually classed 
longst organic compounds, are included here because they 
3 of frequent occurrence, and their detei5tion is usually a 
itter of little difi&culty. 



VIL— CYANIDE GROUP. 

The simple and complex cyanides contain a group of 
ments (CN) known as cyanogen. They yield precipitates 
bh AgNOg, and evolve HON when they are heated with 
ute H2SO4. Many of their salts also evolve NHg when 
5y are heated in the solid state. 



Cyanides ( - 'Cy). — Use KCy solution. 

ilie alkaline cyanides smell faintly of bitter almonds, owing to the 
ipe of HCy. 

503. AgNO^: white precipitate (AgCy), most easily 
rained by pouring a drop of the KCy solution into the 
NO3 solution. Show with three separate portions, that 
s precipitate is soluble in KCy solution aNjpd in excess, 
1 in AmHO, but insoluble in dilute HNO3 . ' 

f some of this precipitate is filtered off and well washed with hot 
«r until HCl causes no milkiness with the last few drops of the 
ihing water, then dried, scraped from the filter into a porcelain 
cible and heated strongly, Ag is left. If this residue when cool is 
ined with a little dilute HNOg, it dissolves giving off reddish-brown 
; and a drop of HCl added to this solution gives a curdy precipitate 
IgCl. 

'his reaction distinguishes AgCy from AgCl, AgBr, and Agl, which 
) it are precipitated by AgNOg and are insoluble in HNO3 » since 
se when dried and strongly heated, fuse without undergoing 
omposition ; hence H^NOs cannot dissolve out Ag, and HCl added 
lie HNO3 gives either no precipitate or a mere milkiness, due to 
imperfect washing of the precipitate. 

liis m^ethod is somewhat tedious and need seldom be used, cyani4e8 
]g readily detected by the following reactions. 
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• 

304. If some FeSO^ solution is mixed with several drops 
of FegCl^j and added to a solution of a cyanide, and the 
liquid is then made strongly alkaline with KHO and 
boiled, then cooled and acidified with HCl, Prussian blue 
(Fe"'4Cfy3) is formed. This will appear as a deep blue 
precipitate, or if the quantity of cyanide present was small, 
it may remain dissolved giving a bluish-green solution. 

If no cyanide had been present, the addition of HCl 
would have produced an almost colourless and perfectly 
clear liquid. 

305. If dilute HgSO^ is added to a cyanide contained in 
a test-tube fitted as is shown on page 147, and then a small 
piece of marble is dropped in and the liquid is boiled, HCy 
will be carried over by the COg gas. If the gas is allowed 
to bubble through some AmgS solution, AmCyS will there- 
fore be formed. 

This substance gives with FCgClg a blood red coloration 
(315), which may be obtained by boiling the AmgS solution 
in a porcelain dish and acidifying it when cold with HCl. 
On adding several drops of FcgClg , the red colour is well 
seen against the interior of the white dish. This proves 
that HCy has passed into the AmgS, and therefore detects 
the presence of a cyanide. 

A little of this red liquid should be added to some HgCl^ solution. 
If the red colour is destroyed, it was certainly due to the presence of 
a sulphocyanide. 

On adding HCl to the AmoS in the above reaction, white S will 
separate, unless the yellow liquid has been previously boiled in a 
porcelain dish until it becomes colourless, filling in distilled water as 
it evaporates. But this separation of S is advantageous, sinee its 
whiteness helps to show up even a faint reddish tint in the liquid. 

The marble is added to cause evolution of CO2 gas, and thus lessen 
the risk of the AmgS being sucked back during the reaction. 

306. The preceding test can often be more simply per- 
formed by boiling the solution of the cyanide in a porcelain 
dish with AmgS ; which must be added until the yellow 
colour remains after the liquid has been boiled for a short 
time. If a dark-coloured precipitate forms, this must be 
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allowed to settle or be filtered oflf, before the colour of the 
filtrate can be seen. The liquid is then filtered if necessary, 
and acidified with HCl in the porcelain dish. On adding 
FegClg in small quantity, a blood red colour will be pro- 
duced, which is not removed by heat or by the addition of 
a Httle dilute HCl. The colour is at once destroyed, how- 
ever, when a few drops of the liquid are added to some 
HgClg solution. 

Methods (304, 305, 306) are exceedingly delicate tests for a cyanide : 
(305) and (306), if less readily performed than (304), exceed it in 
delicacy. Method (306) is the more easy of the two to perform, and 
(305) is only used in cases where, after boiling with excess of Am^S, 
the filtrate is dark coloured and therefore the red coloration would be 
invisible, 

HgCy^ does not show the reactions for a cyanide by method? (303, 
304, 305); but by boiling with Am^S according to method (306), 
AmCyS is obtained in the filtrate from the black HgS precipitate, and 
will give the red coloration with FcaClg . Solid HgCy, when heated 
in a small tube closed at one end also gives off cyanogen gas, which 
bums with a peach-blossom coloured flame. The above remarks apply 
also to AgCy. 

Hydrogen cyanide, or hydrocyanic or Prussic acid (HCy), 
is a colourless, volatile, inflammable liquid, which smells like 
bitter almonds. It is highly poisonotis when it is inhaled as 
vapour or swallowed as liquid : it readily mixes with water. 
The acid is easily detected by the tests already given for a 
cyanide. 

FERROCYANIDES ( - ""FcCy^. — Usc K^FeCyg.SHgO . 

307. Fe^Cl^: dark blue precipitate of Prussian blue 

(Fe^Cfyg) : * insoluble in HCl, soluble in HgCgO^ to a dark 
liquid, and changed by KHO into brown FcgHgOg . 

The solubility in H2O and insolubility in HCl are shown 
by pouring off portions, heating them with HCl and HgO 
respectively, filtering, and noting whether the filtrate is blue. 

308. FeSO^: light blue precipitate (Fe^'EgCfy), which 
becomes darker in colour by oxidation on exposure to the 

* See abbreviations on page 81. 
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air, or on addition of CI- or Br- water, or when warmed with 
HNO3 : it is insoluble in HCl. 

309. CuSO^: a chocolate coloured precipitate (Cu'^gCfy) 
insoluble in HA. 

310. AgNO^: white precipitate (Ag^Cfy), insoluble in 
HNO3 and in AmHO. When heated with HNO3 this precipi- 
tate changes to orange-red AggCfyg* wKich is soluble in 
AmHO, 

Fbrricyanides \,-^\FeCy^^, — Use Kg(FeCy6)2. 

311. Fe^Cl^ : dark green or brown coloration ; no precipi- 
tate is formed, as may be seen by adding much water to the 
liquid. 

312. FeSO^: dark blue precipitate of TurnhvlVs blue 

(Fe"3Cfy2) : insoluble in acids : blue colour destroyed by 
KHO. 

313. CuSO^ : yellowish precipitate. 

314. AgNO^: orange coloured precipitate (AggCfyg), in- 
soluble in HNO3 , soluble in AmHO. Frequently a white 

residue of Ag^Cfy is left on adding AmHO, showing that 

K^Cfy was present in the KgCfyg solution. 



SuLPHOCYANiDBS ( - 'CyS). — Usc KCyS solution. 

315. Fe^ClQ.' blood red coloration, but no precipitate : the 
colour is weakened but not destroyed by HCl, but dis- 
appears when the liquid is dropped into HgClg solution. 



316. Ferro- and ferri-cyanides can be found and distinguished by 
their first three tests, or by the precipitate given by AgNOg in the 
solution acidified with HNO3 . This precipitate will have a more or 
less decided orange-red colour if a ferricyanide is present. On 61terlng 
or decanting, and warming the precipitate with AmHO, white AgJOfy 
will be left if a ferrocyanide was present, and on acidifying the filtrate 
with HNO3 orange-red AggCfyg will be reprecipitated. 
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VIII.— OXALATE GROUP. 

The acids and salts containing the three following acid- 
radicles differ from the foregoing by being charred and 
emitting a smell of burning when heated in the solid state ; 
with oxalates, however, these effects are scarcely perceptible. 

If the salt contains K, Na, Ba, Sr, or Ba, the residue left 
after ignition will contain a carbonate which will effervesce 
with an acid, whereas the original unignited substance would 
not do so. 



Oxalates ( - "CgO^).— Use Am2C204.2H20 . 

317. Strong H^SO^ heated with a solid oxalate causes an 
effervescence, due to the evolution of a mixture of CO and 
CO^:- 

AmgCaO^ + SHgSO^ = CO + COg + 2AmHS04 + H2SO4.H2O . 

The CO is detected by burning with a blue flame when a 
light is applied, and the COg by rendering a drop of lime- 
water on a glass rod milky. 

No blackening or charring is produced by strong H2SO4 . 
Oxalates differ in this respect from other organic acids and 
their salts. 

318. GaCl^ or CaSO^ solution, or lime water, added to the 
solution of an oxalate, gives a white precipitate (CaC204) ; 

which is insoluble in Am HO and in HA, but soluble in HCl 
and in HNOg . 

dl8a. Filter off this precipitate and pour upon part of it 
on a watch glass dilute HCl ; it will not effervesce. Dry 
the remainder, and heat it to full redness on platinum foil ; 
it is thus converted without blackening into CaCOg , which 
effervesces with dilute HCl. 

This is a general test for oxalate of K, Na, Ba, Sr, or Ca; since 
each of these, when it is ignited, leaves a carbonate, which effervesces 
with an acid. 
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819. An oxalate in the solid state, or in strong solution, 
when heated with MnOg and HgSO^ evolves COg : — 

Am2C204 + Mn02 + SHgSO^ = 2CO2 + MnSO^ + 
2AmHS04 + 2H2O . 

Since commercial MuO, usnally contains some carbonate, it will give 
off COj when treated with H,S04 . If the MnOj is not known to be 
free from carbonate, it is best to add a little H^04 to some of the 
Mn02 in a test-tube, and heat to boiling. If CO3 is found in the tube 
by a glass rod with a drop of lime-water on its end, contiuue to boil, 
occasionally sucking fresh air into the test-tube through a glass tube 
pushed down near to the surface of the liquid. As soon as no CO3 can 
be detected in the tube after boiling for a short time, the liquid being 
still distinctly acid, the Am2Cs04 is added and the mixture is again 
heated. COj will be rapidly given off and may be deliected by the 
ordinary methods. 

Hydrogen oxalate ^ or oxalic acid (H2C2O4.2H2O), when 
heated in a glass tube closed at one end partly sublimes 
unaltered, and is partly decomposed evolving vapour which 
causes coughing. It yields reactions (317) and (318). The 
crystals dissolve readily in water to an acid poisonous liquid. 



Tartrates ( - "C^H^Og). — For a neutral tartrate use 
KNaT, for an acid tartrate Hgf or NaHT . 

320. A solid tartrate, when heated strongly in a tube, 
chars, giving off a smell of burnt sugar. 

321. A solid tartrate, when heated with strong HjSO^, 
rapidly blackens, giving off a mixture of CO, COj and SOj . 

322. AgNO^ produces in a strong solution of a neutral 

tartrate a white curdy precipitate (Ag2T), soluble in AmHO 
and in HN03\ 

Allow some of this precipitate to settle in a test-tube, and 
pour off as much of the clear liquid as possible. Then pour 
very dilute AmHO drop by drop into the tube, until the 
precipitate, after being shaken up with the liquid, is nearly 
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but nfA g;uit€ 'Z^^cItzhL T^.kt. ffr ^^i* -esr-CELbe intc- ikmI 
water in a be^>£r. w'zict, is siivrr Lsisai ro ;irc(n 60*: si 
brilliant nurror-iike rlzi if A^ wzZ be -i-eparaed o^wq tbe 
interior of the mbc^ 

In a dilate solution ot & Zizzazi tie nLirrcr s hmsc osiIt 
obtained, by ad»iing 5clm«:c. cf XzSO^ lo wLiea r-err dilate 
AmOH has been added until tbe prccipccate vhieh fi:«iDS at 
first is barelv redisEclTed. On wijmijn^ this mixcore the 
mirror appears. 

If the liquid is quicklj billed, the Az deposits as a dull 
black precipitate, which does not adhere to the glass» and is 
not characteristic. 

823. CaCU precipitates from the solution of a neutiul 
tartrate white or crystalline CaT, which often separates 
only after shaking the liquid well and letting it stand for a 
time. It is soluble in acids, and its formati<»i is retarded by 
the presence of AmCl or of other Am-salta. This precipitate 
when freshly formed is completely soluble in strong cold 
KHO solution, if this is free from KjCOy On boiling the 
solution the CaT is reprecipitated ; but it dissolves again 
more or less completely when the liquid is cold. 

Decant the clear liquid and pour upon the precipitate a 
little very dilute AmHO. Then drop in a small crystal of 
AgNOg, and warm carefully as in (322). A silver mirror 
will form on the part of the glass on which the AgNOj 
crystal rests. 

324. KCl^ or better KAy if added to the solution of an 
acid tartrate, gives a white crystalline precipitate (KHT) ; 
which forms slowly unless the liquid is vigorously stirred o' 
shaken. If HA is added at the same time, the precipita 
may also be obtained with neutral tartrates. The preci 
tate is soluble in alkalis and in mineral acids, but is alm< 
insoluble in alcohol; hence alcohol is often added to hi 31 
the precipitation. 

326. If a few drops of FcgClg solution are added to 
the solution of a tartrate, which is then made strongly 
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alkaline by addition of KHO or Am HO, no precipitate will 
appear. 

The precipitation by alkalis of several other metals, such 
as Al, Mn, Cu, is similarly prevented by the presence of a 
tartrate. This is owing to the formation of a double tar- 
trate, which is not decomposed by the alkali. 

Hydrogen tartrate^ or tartaric add (HgT), occurs in colour- 
less crystals which do not alter in the air. The solid acid 
tastes pleasantly sour, and is soluble in water and in alcohoL 
It is detected by heating it either alone or with strong 
H2SO4 (320, 321). If it is dissolved and neutralised, it also 
yields the reactions in (322, 323). 



Acetates ( - 'CgHgOg).— Use NaA-SHgO. 

326. Many solid acetates, if strongly heated, blacken and 
evolve the vapour of acetone; this vapour possesses a peculiar 
smell, and bums with a bright flame when kindled. 

327. An acetate, when heated with strong HgSO^, evolves 
vapour of HA ; in large quantity this is very pungent, but 
in smaller quantity it smells like vinegar. If the acetate is 
first mixed with alcohol, then with strong H2SO4, and the 
mixture is warmed, a fragrant smell of ethyl acetate (EtA) 
is emitted. This vapour is most strongly smelt when the 
liquid is shaken after it has cooled for a short time. 

328. Fc.jCIq, added in small quantity to the solution of an 
acetate, causes a deep red coloration. If this red solution is 
made neutral, but not alkaline, with AmHO, and is then 
boiled, all the Fe is precipitated from it as light brown basic 
acetate, and the liquid becomes colourless. The red colour 
of the solution is changed to yellow by the addition of a few 
drops of dilute HCl; it is in this way distinguished from the 
coloration due to sulphocyanide (315). 

Hydrogen acetate, or acetic acid (HA), is known as glacial 
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acetic acid. At temperatures below 17** C. it is a colourless 
crystalline substance, which readily melts, and emits when 
heated a very pungent and inflammable vapour. It is 
strongly acid, and is completely volatile without decom- 
position. Acetic acid dissolves in water readily, imparting 
its peculiar smell to the liquid in a degree depending upon 
its dilution. 



The reactions for certain other organic acid-radicles are given in an 
Appendix at the end of the Sixth Section of this book (504). 



SEOTIOl^r Y. 



ANALYSIS OF SIMPLE SUBSTANCES, CON- 
TAINING ONE METAL AND ONE ACID- 
RADICLE. 



This section may be neglected by a student who is learning the full 
analytical course. 

Two metals may occasionally be present, as when an alum or tartar- 
emetic is given for analysis; also there may be two acid-radiclds in 
the liquids given for analysis, since a salt which is insoluble in water 
is occasionally dissolved in an acid. But the student should always 
be informed of this, if it in any way complicates the analysis. It will 
not usually do so, since in the most commonly occurring case, that of 
a phosphate dissolved in HCl, the PO4 is detected in Group III., and 
accordingly no other acid-radicle is looked for. 

Examples of substances for analysis are given in paragraph (559). 

The numbers in brackets refer to the paragraphs in the text, in 
which tests or processes to be employed by the student are fully 
described. 



Introductory Remarks. 

330. Before proceeding to detect the metal or acid-radicle 
in the solution of a simple substance by systematic analysis, 
it is best to make a few preliminary experiments (3 33-3 38a). 
These will generally give some idea as to what substance is 
present, and will occasionally detect with certainty the metal 
or acid-radicle, or both of them. 

Even if the composition of the substance has been proved 
by this preliminary examination, it is usually best to proceed 
to the next process. This consists in endeavouring to dis- 
solve the substance in water or acids (332), if it is not 
already in the liquid form, and then adding to this solution 
the group-reagents in appropriate succession. The Ana- 
lytical Group to which the metal present belongs (339) will 
thus be determined. 

In the following Table the metals are classified in their 
analytical groups. Each group is headed by its distinctive 
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number and name, and by the name of the group-reagent 
which serves to precipitate its members, and to separate 
them from those of the succeeding groups. 

After discovering to which of the analytical groups the 
metal present belongs, it is identified by the properties or 
appearance of the group-precipitate. Its presence is then con- 
firmed, if necessary, by special tests made on the precipitate 
or on another portion of the original solution* (344-348). 

The acid-radicle, if it has not been already detected during 
the examination for the metal, is tested for in a less sys- 
tematic manner. A few preliminary experiments are first 
performed (335-338a). If these do not detect the acid- 
radicle, it is found partly by a systematic examination, 
which includes that described above for the detection of the 
metal, but more commonly by special tests (349-356). 

A substance which is insoluble in water and in acids is 
examined according to the special directions in (367-370). 

In these analyses only one metal and one acid-radicle 
are to be looked for. The examination for the metal is 
therefore carried no further, when one metal has been 
detected with certainty ; and the examination for the acid- 
radicle is similarly at an end, when the presence of one 
such radicle has been satisfactorily proved. It must, 
however, be understood that substances given for analysis 
are liable to contain impurities, which will often yield only 
slight indications. If in the course of analysis, therefore, 
only a slight result is obtained, proceed until some sub- 
stance is detected in larger quantity, entering against the 
slight result. Trace of . 

The separation and washing of a precipitate by decanta- 
tion (30, 31) is recommended whenever it is possible. 

In making the analysis each result must be fully entered 
in the note-book as soon as the experiment has been performed ; 
the form of entry being the same as that adopted for the 
directions in the text. 

* By the original solution is meant the solution of the substance, 
or the substance itself, if a liquid is under analysis, to which no re- 
agent has been added. 
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TABLE OF ANALYTICAL 



Table shoioing the Analytical 



Note.--lt will be 
observed that there 
are two divisions of 
Groups II. and III. 
In analysis it is usual 
to separate the two 
divisions of Group II. 
from one another, 
after having sepa- 
rated the whole group 
from the remaining 
groups ; the two divi^ 
sions of Group III. 
are by some analysts 
precipitated together 
and subsequently se- 
parated ; they are, 
however, often pre- 
cipitated separately, 
and treated as dis- 
tinct groups. 



Metals whose chlorides 
are insoluble in water 
and dilute acids, and 
which are therefore 
precipitated from their 
solutions by hydro- 
chloric acid. 



Metals whose sulphides are insolnble in 
dilute acids, and which are therefore 
precipitated from ctcid Bolntions by 
sulphuretted hydrogen. 



Group I. 
Hydrochloric Add 
Silver Group 


,or 


Group II. 
StUpkuretted Hydrogen Group 




r 

S Group II.A. 
[Copper Group 
Sulphides insoluble 
in NaHO and in 
Am2S. 


( Group II.B 
{Araenic Group 
Sulphides soluble 
in NaHO and in 
AmjS. 


[Lead . 
Silver . 
Mercurosum 

1. 


Ph.] 

Ag 

Hg' 


Mercuricum Hg" 
p:iead . . Pb] 
Bismuth . Bi 
Copper . Cu | 
Cadmium . Cd 
2. 


Tin . . Sn 
Arsenic . Ab 
Antimony &b 

3. 



CLASSIFICATION OF MBTALS. 
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Classification of the Metals, 



Metals which are precipitated as hydrates 
from their solutions containing ammo- 
nium chloride when made alkaline with 
ammonia, or as sulphides or hydrates 
when ammonium sulphide or sulphu- 
retted hydrogen is subsequently added. 


Metals whose carbo- 
nates are precipi- 
tated by addition of 
ammonium carbo- 
nate in the presence 
of ammonium chlo- 
ride. 


Metals whose solutions 
are not precipitated 

. by any of the fore* 
goinff groni>-reagents 
in the presence of 
ammonium ddoride. 


Group III. 

Am/monia and Ammonium 

sulphide Group 


• Group rv. 
Ammonium carbonate 
or BaHwm Oroup 


Group v. 
Potaawum Oroup 


( Gboup III.A. 
. Ammonia or Iron 
( Oroup 


( iGROUP ITT.B. 

J Aminoniu/m std- 
] phide or Zinc 
{ Oroup 


.\lnminiiim . Al 
Iron . Fe 
Chromium . Cr 

4 


Zinc . . Zn 
Manganese . Mn 
Nickel . . Nl 
Cobalt . . Co 

5. 


Barium . . £a 
Strontium . Sr 
Calcium Ca 

6. 


Ammonium . KH4 
Potassium . K 
Sodium . Na 
Magnesium . Mg 

7. 
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DIRECTIONS FOR THE ANALYSIS OF A 

SIMPLE SUBSTANCE. 

The substance given for analysis may be either a solid or 
a liquid. If it is a solid examine it by (331 et seq.) omitting 
(334). If a liquid is to be analysed begin at (334). 



THE SUBSTANCE IS A SOLID. 

331. Make a careful examination of the properties of the 
substance. 

Note its colour. The following are some of the most 
commonly occurring coloured substances : — 

Bltie: hydrated cupric salts, anhydrous cobalt salts. 
YeU(yw: normal chromates. 
Brotonish yellow: ferric salts, PbO. 
Orange red: certain dichromates. 
Bed: HgO, Hgig, HgS, Pb304. 

Green: Crfi^y CuClj, salts of Ni and Cr. Pale Chreen: ferrous salt. 
Pink: hydrated cobalt salts. Pale pink: manganous salts. 
Dark brown: PbOg. 
Black: SbgSg, CuO, MnOj, FeS. 

White: anhydrous salts of Cu and Fe", and many other powdered 

substances. 

Also smell the substance, and observe whether it is in 
powder, crystals, or non-crystalline pieces. Carefully write 
down any appearance or property which may strike you, on 
examining the substance with the naked eye or with the 
assistance of a lens. 

After noting down the results of this examination, the 
substance is to be powdered as finely as possible. 

If the substance possesses metallic lustre or appearance, 
work as is directed under (366). If it is not metallic in 
appearance, proceed to ascertain its solubility by the 
directions contained in (332) ; and according to the result 
thus (obtained, conduct the further analysis of the substance 
by (333) or by (367). 
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SOLUBILITT 0? THB SuBaiAKOB. 

332. Since the method of examiuatioii of a eolid substance 
depends upon whether it ia soluble or insolable in vater or 
aeids, the following experiments are tried. 

Place a small quantity of the findy powdered substance 
in a broad test-tube or a boiling-tube, fill the tube abont 
one-thiid with water, and heat to boiling : — 









boiling, a it does not dlflsolve dec»nt and boU the raddne with itionK 




HCh- 










api>rtioTiotthe 










The miHtaaee doei not diiiolrf : put aside tbe t^Otuba 


bytheprelmn- 






□an tesM (333) 
»n<f (335-838 oS 




portion of tho BBbalaneo with a littU dilute HNO^ 
It it U not diasolved, boll. It dUuM HNO, doei not 
dlaailve It, hfat witi a Ultle .trong HNO, ;- 


AbieiKi ofGrovp 


SSTe^B^olo'^ 


iCS,"»* 










the llanJd to 
litmB»l)y(a3*, 
I.. II,), and, re- 


After examlnlnz 






aportlonoULt 
BoUdBubataniio 




tuBelberthe contents o[ the two 
tubes in nhlch the siibeUnce wu 


fer to (830) tor 


bj-thepreliml- 
niid(a36-33»ai 


BulJdsUbtliiDrB 


be&ted with UCl and wltIiHI40u 
and heat tbemizlure:- 




11 uta the colour 


bjlheprellml- 
and (335-339 o) 
oftheululjon 




5. TJ, ^.i.^ 








ioJ™. ™ "" 




toe metal bj 


in HKO, (334. 


:.«is 






(33»). 












bytheprelinii- 








bj(33B). 


and(^-S33a) 


(387-^1 <«,.). 
















Group "ll, add 


lullon in HHO, 
and HCl mlied 








■Uerablj.* 


Tor the metal 
,Ao(e,iiolumuli. 





• Thli method of proceeding twamet HNOj, which wonld c* 
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PRBUMiNARr Examination of a Soluble Solid. 

333. The Table is tlius arranged. In the first column is 
placed the experiment to be made; in the second a list of 
the results, any one or more of which may be observed; and 
in the third the inferences to be drawn from the results. 
Confirmatory or supplementary experiments are occasionally 
entered, they are, however, only to be tried when the result 
preceding them in the second column has been noticed. 

A more complete preliminary examination will be found 
in (387-405). 



Experiment. 



Observation. 



Inference. 



I. Heat a portion of 
the substance in an 
ignition - tnbe, or 
in a small dry test- 
tube, first gently 
and at last to red- 
ness. 



Confirmatory. — Boil 
another portion of 
the substance with 
KHO solution. 

C(ynfirmatory. — Mix 
another portion of 
the substance with 
about three times 
as much powdered 
NagCOa and KCy 
dry and heat in an 
ignition tube. 



I. The substance does not change 



Absence of volatile, 
fusible and organic 
substances, and of 
water. 



II. The substance changes:— 

1. Drops of water condense in the top of 

the tube. 

2. The substance fuses easily 



3. The substance sublimes . 



A smell of NHs is evolved and white fumes 
appear when a rod moistened with 
strong HCl is held to the mouth of the 
tube. 

A grey sublimate of minute metallic glo- 
bules, best seen by a lens. 



A black mirror-like sublimate . 



Presence of HfO. 

Probable presence of 
a salt of Na or K. <» 
of Ba, Sr, Ca, Mg 

Presence of a salt of 
NH4, As, or Hg: 

E>ssibly also of 
2C2O4, of S Orel- 
low), and of I 
(purple vapour). 

Presence of NH4> 
Confirm by Na^ 
(53), and proceed 
to (335). 

Presence of Hg. Pour 
AmHO upon the 
original substance, 
if it blackens Hg' 
Is present as a mer- 
c\a&u8 comi)Ound. 

Presence of As. 



4. The substance blackens, and gives off 
CO2, which makes a drop of lime-water 
on a glass rod milky. 



The cool residue in the tube effervesces 
with HCl, whereas the original sub- 
stance did not. 

{Ckmtintied on next page). 



Presence ot an or- 
ganic acid-radicle, 

probably A, O or T : 
the last is known 
by a smeU of burnt 
sugar. 
The organic acid- 
radicle is united 
with K, Na, Ba, 
Sr, Ca, or Mg. 
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Experiment. 



Obserration. 



Inference. 



H. Dip into the pow- 
dered enbstance a 
moistened loop of 
platinum wire, and 
hold the loop in 
the Bnnsen flame ; 
moisten with strong 
HCl, and again hold 
in the flame. 



5. Ckui or vapour is given ofT: smell the 
vapour : — 

Bed nitrous fumes, recognized by their 

smell. 
SO*, known by its smell and by turning 

KjCrgO; solution green. 



d, Br, I, known by smell and colour : Br 
and I by action on starch paste, and CI 
by bleaching moist litmus. 

A slip of wood with a spark at its end, 
glows brightly or bursts into flame. 



The gas can be lighted and bums at the 
mouth of the tube ; note the colour of 
the flame : — 

Pole qreenUh yellow : the gas bums ex- 
plosively, imd nitrous fumes are seen. 

Bright tohite, the unbumt gas smells of 
garlic. 

Peach hlo88om coloured Jlame, grey sub- 
limate of Hg. 



From nitrate of a 
heavy metal. 

From combustion of 
free S or a sulphide ; 
possibly also from a 
sulphate, sulphite, 
or theiosulphate. 

From certain chlo- 
rides, bromides, or 
iodides, also free I. 

from chlorate or 
nitrate, or ^^0 
from decomposi- 
tion of NH4NO,. 



Presence of NH,, 
from strongly heat- 
ed NH4NO3 . 

Presence of PH3, pro- 
bably from a hypo- 
phosphite. 

Piesence of Cy, from 
H«Cy,. 



6. The substance changes colour : — 

YelloWf hot. WhUBf cold. 

Yellou) brown, „ YelloWy 

Dark red or ) 
broion, i " 



Red broum, 



n 



it 



ZnO 

PbO, SnOj or Bi^Oj 

Fe,0, 



I. The flame is not coloured 



Probable absence of 
the substances enu- 
merated below. 



II. The flame is coloured : — 
Intense yeUow* . 



Pale lilac*, appearing crimion red) 
through the indigo-prism . . j 



Red 



C Appearing green through the) 
J indigo-prism . . . ) 
] Appearing infen«e re(2 through) 
\ the indigo prism . . j 



( Yellowish green ... 
n^^^^ J Bright green, with bliie centre) 
^^^^ \ after moistening with HCl. ; 

{Bright green 



Blue 



f Pale bluCj livid 
\ Vivid blue . 



Presence of Na. 
K. 

Ca. 

Sr. 

Ba. 
Cu. 
• B2O3. 

Presence of As, Sb, Pb, 
„ CaCl2. 



It the coloration for Na or K is intense, no further examination for the metal is 
Decenary but the presence of K should be confirmed by stirring with NaHT(48). Proceed 
^ (3<t6). If the coloration is slight, a trace only of the metal is present, and the examina- 
tion for another metal is continued. 
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Experiment. 



III. Heat a portion 
of the substance in 
a cavity scooped on 
charcoal, in the 
blowpipe flame. 

Confirmatory. — De- 
tach a small portion 
of the white mass, 
place it on red lit- 
mus paper and 
moisten it with a 
drop of water. 

Confirmatory. — If the 
moist residue is not 
alkaline to test- 
paper, moisten the 
remainder on the 
charcoal with 

Co(N08)2 solution 
and heat again 
strongly in the 
blowpipe flame. 



lY. Fuse a small 
quantity * of the 
substance into a 
clear colourless 
borax bead first 
in the inner then 
in the outer flame, 
noting in both cases 
the colour of the 
bead whilst hot and 
when cold. 



Confirmatory. — The 
presence of Cr or 
Mn may be con- 
firmed by fusing a 
portion of the sub- 
stance on platinum 
foil or wire with 
NagCOa and KNO3. 



Observation. 



Inference. 



1. The charcoal '* deflagrates," or bums ra- 

pidly. 

2. A white mass is left on the charcoal which 

does not fuse, and shines brightly when 
strongly heated. 
The red paper becomes blue in a short time 
where the substance rests. 



A blue residue 



A pink residue 



A green residue 



3. The residue is not white and does not 
consist of globules of metal, neither is 
there any incrustation formed upon the 
charcoal ; proceed to Exp. IV. 

4. The residue contains metallic globules 
or an incrustation forms on the char- 
coal ; proceed to Exp. Y., omitting Exp. 



Presence of a nitrate 

or chlorate. 
Presence of Ba, Sr, 

Ca, Mg, Al, or Zn. 

Presence of Ba, Sr, 
Ca, or possibly c^ 
Mg. 



Presence of Al, or 
possibly of a phos- 
phate, silicate, or 
borate. 

Presence of Mg. 



n 



7dL 



I. The bead is colourless when heated in 
flames both. 



II. The bead is coloured :— - 



In outer flame. 
Green, hot ; hlue^ cold. 
Blue^ hot and cold. 
Brown or dingy 

purple,\ioi ; light 

brown, cold. 
Browny hot; yellow, 

cold. I 

Oreen\, hot and cold. 

Purple, hot and cold. 



) 



In inner flame. 
Red or colourless 
Bluey hot and cold 

Orey or blade, hot) 
and cold . . ) 

Bottle green, hot ) 

and cold . . f 

Green, hot and cold 

Colourless, hot and ) 

cold . . ) 



Absence of the metals 
below. 



Presence of Co. 
„ Co. 



A yellow mass on cooling 



A bluish green mass on cooling 



» 






»> 



Ni 

Fef. 

Cr. 

Mh. 

Cr. 
Mn. 



* It is necessary to adjust carefully the quantity of substance fused into the bead ; if IM 
much is used, the bead will often appear opaque ; if too little is employed, one<rf tiienwUls 
may escape detection. It is best at ilrst to fuse only a minute qoantity into the bead, addtag 
more if no colour, or but a faint colour, is produced. 

t Cr if present as a chromate gives a bead brown whilst hot, after having been fosedlnttt 
)uter blowpipe flame; but this brown colour is not reproduced inthecase of Crwbentta 
"^ead, after becoming green by being heated in the inner flame, is again heated in ttia oottf 
'ame. 
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Kxperiment. 



y. Mixthe substance 
in a small cavity 
on wood-charcoal 
with NatCOs and 
£Cy, and heat 
strongly in the 
inner blowpipe 
flame for several 
minutes. 

If metallic globules 
are obtained, de- 
tach one and strike 
it sharply on the 
bottom of an in- 
verted mortar with 
the pestle, and note 
whether it is 
crushed to powder 
^ritUe) or merely 
flattened out into a 
cake (mdUedble). 

If the globules are 
white and malle- 
able, take one ui)on 
the point of a pen- 
knife and see if it 
will mark paper as 
a black-lead pencil 
does. 



Observation. 



Metallic scales or globules are obtained, or 
an incrustation forms on the charcou:— 



Olobides. 
White and hrUtU. 
WhiU and brittle. 
Red and mallectble. 
White and maUedble ) 
marking paper V 
easily. . . j 
White andmaUedble \ 
not marking paper, v 
and readily fusible, j 
White and maUeable \ 
not marking paper, f 
fusible omy with ( 
difficulty. ; 



None. 



None, 
None, 



Incrustation, 
White 
TeUow . 
None . . 

Yellow 



None 



None • 

f Yellow whilst hot,> 
toftite when cold; 
becomes green 
when moistened 
with Co(SO^ 
solution and re- 
heated in the 
outer flame. 
Brown ... 
White; on smelling) 
the charcoal a f 
smell of onions is t 
perceived. ; 



Inference. 



Presence of Sb. 
BL 
Cu. 






n 



tt 



*> 



Pb. 



Sn. 



Ag. 



»i 



M 



»f 



Zn. 

Cd. 

As. 



After the completion of the preliminary tests for the metal, a solu- 
tion of the substance is made according to the directions in (332), 
and this solution is examined as is there directed. 



198 



PRELIMINARY EXAMINATION 



[834. 



334. Preliminary Examination of a Liquid. 



Experiment. 



I. Note the colour 
of the liquid. 

Note. — If the colour 
has to be observed 
by night it should 
be examined by the 
white light obtained 
by burning a piece 
of magnesium rib- 
bon. Delicate tints 
are best seen by 
looking through 
some thickness of 
the liquid at a sheet 
of perfectly white 
paper. 



IT. Dip pieces of 
red and bine 
litmus paper into 
the liquid. 



Observation. 



I. The liquid is coloured :— 

(Very delicate 
Intense 
( Very delicate 

Ctreen < 

\ Intense 

{Reddish yellow 
Light yellow 

Bhis 

Violet or purple 



Inference. 



Presence of Mn or 
dilute Co solution. 
Presence (^ Co. 

Fe*, or Ni or Or 
in dilate sola- 
tion. 
Ni, Cr, or Ca. 
Fe'" or a bi- 
chromate, 
neatral chnh 

mate. 
Ca. 

Cror apezman- 
ganate. 



>i 



n 



n 



» 
»» 



n. The liquid is colourless 



It is neutraZ ..... 
(Not affecting the colour of either paper.) 



It is acid ..... 

(Turning blue paper red. 
If, on adaing NajCOs to a part of the solution 
and warming, no effervescence occurs, free 
acid and acid salt are absent. 



Absence of Co, Si, 
Cr, Co, Ao, 



Absence of free adds 
and alkalis, and of 
all salts bat some of 
those of Am, Na, K, 
Mg, Ba, Sr, Ca, Ag. 



Presence of a free 
acid, of an add salt, 
or of a salt with 
add reaction. 



It is alkaline ..... 

(Turning red paper blue.) 
If the colour of the paper becomes only 
slightly changed it indicates the probable 
presence of an alkaline salt. 



Presence of a hydrala 
of E, Na, Am, C%, 
Sr, or Ba, or of ^ 
salt with 
reaction. 



384.] 



OF A SIMPLE UQUID. 



199 



Ei^eriment. 



m. Evaporate (27^ 
some of the liquid 
upon a thin watch 
glass* heated very 
gently by support- 
ing it some inches 
above a small flame 
u^n a piece of 
wire gauze, or by 
means of a sand or 
water bath. 

If a residue remains 
on the glass bring 
this gradually into 
the flame and heat 
it more strongly. 



Observation. 



A residue is left. .... 

On being strongly heated the residue blackens 
and emits a smell of burning . T 

The smell resembles that of burning sugar. 

Note.— It the cold residue after ignition effer- 
vesces with a drop of HCl, whereas the unig- 
nited residue did not, the organic acid-radicle 
is united with Ba, Sr, Ca, Mg, Na, or E. 
The results in Exp. I., par. 833, may be here 

observed aud should be noted. 
Keep this residue for £zp. YI. 



Inference. 



Presence of some dis- 
solved solid. 

Pres. of X, 0, or Tl 
Fres. of I . 



No residue is left .... 

If the liquid is also colourless, tasteless, 
and without action on litmus-paper, it must 
consist only of distilled water, and no further 
examination of it need be made. If the 
liquid is alkaline, NH3 must be looked for ; if it 
is acid, H2CO3, Hj^O,, HCl, HNOg. H^SO^, and 
other volatile acids only need be tested for. 



Absence of any dis- 
solved solid. 



lY. Add excess of 
strong NaHO or 
KHO solution and 
bon (51). 



A smell of NH^; moist red litmus is turned 
blue, and a rod moistened with strong HCl 
produces white fumes when held m the 
mouth of the test-tube. 



Presence of 1^4 . 
No further test need 
be tried for a metaL 
Proceed to (885). 



y. Experiment II. (page 195) is then tried by dipping the platinum wire into the liquid, 
. concentrated, if necessary, by evaporation. 



YI. Experiment lY. (page 196) is tried by fusing some of the residue from Exp. III. 
(above) in the borax bead. 



* A piece of thin glass from the side of a broken flah.k is a cheap and useful substitute 
for a watch glass. 
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PRELIMINARY EXAMINATION 



[335- 



Preliminary Exa m tna- 

335. Pour dilute HgSO^ in excess upon the substance in a test-tube, 

336. A gas is evolved, sbown by effervescence or by a cbaracteiistic 



1. Colourless gas 
without smell. 

A drop of lime 
or bajyta-water, 
held in the tube 
upon the end of a 
glass rod becomes 
milky: — 

Presence of a car- 
bonate 



2. Oas smelling of burning 
siUphur. 

A drop of EsCr^O? solution held 
in the tube upon the end of a 
glass rod, becomes green : — 
Presence of a sulphite. 



2 a. The SOj gas is given off 
only after standing for a time 
or on warming, and yellow S 
separates : — 
Presence of a theiosuZphate. 



3. Gas tffith a mast 
fetid STneU. 

A slip of filter-paper 
moistened with 
alkaline solution 

of FbAj, and held 
in the tube, is 
blackened : — 
Presence of a sul- 
phiae. 



4. TeUowgaa smell- 
ing of CfL 

A slip of moist 
litmuB-paper held 
in the tube ia 
bleached : — 

Presence of a hypo- 
eMoriU, 



337. Add strong H2SO4 in small quantity to a fresh portion of the 
of the results enumerated below occurs*, if none of them is noticed 



1. Fumes are evolved with pungent smeU and acid reaction 
to litmus-paper, the liquid is not coloured : — 
Presence of a chloride or nitrate. 



Confirmatory. — Hold in the 
fimies a glass rod moistened 
with a solution of AgNOg 
acidified with HNO3 : the 
solution on the rod becomes 
milky : — 
Presence of a chloride. 

Confirm by (351). 



Conjirmatory. — Drop into the 
acid some small pieces of 
Cu, reddish-brown gas is 
evolved : — 
Presence of a nitrate. 



2.The liquid beeomes yeUow 
or red, and AcfUorouitmeU 
is given off: on warming 
the tube a crackling nolM 
or slight explosion u pro- 
duced : — 
Presence of a ehlorate. 

Confirmatory.— To a portion 
01 the cold solution of the 
substance in water add 
a few drops of dilute 
indigo solution, then some 
HsSOs, the blue colour of 
the indigo ia destroyed. 



338. After heating the tube containing the strong H2SO4 and 
porcelain dish for (338a) Kinse out the tube, and dry the inside 
fluoride is shown. The presence of a fluoride, if decisively indicated 

338a. Add alcohol to the liquid in the porcelain dish, mix bj 
Mnge it shows : — Presence of a borate. Confirm by (353). 

* If Pb, Ba, Sr, or Ca is present the addition of H2SO4 causes a precipitate of the 
*' It iu best to compare this smell with that evolved when NaA is Bimilarlytreatodt 



338a.] 
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TION FOR THE AcID-EaDICLB. 

and observe tlie eflfect produced* ; tlien heat to boiling '■ — 
smell ; see below : — 



5. JUddish broton fumes are 
evolved, best seen by looking 
down the tube at white 
paper. 

On adding a little cold dilute 
H2SO4 and FeS04 solution 
to a fresh portion, a deep- 
brown liquid is produced: — 
Presence of a nitrite. 



6. Smell ofHCy. 

Test for a cyanide and a 
ferro-, ferri-, and sulpho- 
cyanide in the original 
substance by (351). 



7. Sm^U of vinegar. 
Refer to (337, 4) below 



No gas is evolved :~~ 

Absence of carbonate, snl" 
phite, theiosulphate, sul- 
phide, hypochlorite, nitrite. 

Pass on to (887). 



substance, mix well by shaking, heat gently and note whether any 
proceed to (338) and (338 a) :— 



8. A reddish'hrovm or violet colour 
is produced in the acid, and no 
explosion or crackling occurs on 
warming : — 
Presence of a bromide or iodide. 

If on heating the mixture, coloured 
vajMur is evolved (see note), hold 
in the vapour the end of a glass 
rod covered with moist starch 
I)Owder: the starch becomes 
brown : — 

Presence of a bromide. 

The starch becomes bluish-black : — 
Presence of an iodide. 

Note. — The vapour is much more 
easily obtained by mixing the sub- 
stance with MnO« powder, before 
adding II2SO4 and heating. 



4. A smell of 
vinegar is 
noticed : — 

Presence of an 
acetate. 

Confirmatory. — 
Add to a fresh 
portion of the 
substance some 
alcohol, then 
strong H2SO4; 
a fragrant 
smell proves 
an acetate, t 



6. A mixture of 
CO and CO2 
gases is given 
of: founabya 
drop of lime- 
water held in 
the tube being 
turned milky, 
and by the 
CO burning 
with a blue 
flame when 
kindled : — 

Presence of an 
oxalate. 



6. The 8!ub- 
stanceblackens 
and evolves 
gases, amongst 
which SO2 is 
recognisea by 
its smell and 
its action on 
E2Cr207 solu- 
tion : — 

Probable pre- 
sence of a tart- 
rate. 
Confirm by 
(364). 



substance, let it stand for some time, then pour the liquid into a 
thoroughly ; if it is seen to be corroded and dimmed : — Presence of a 
here, requires no confirmation, 
stirring, heat the dish and kindle the alcohol; if the flame has a greenish 



insoluble sulphate : this may be disregarded. 

since a mixture of alcohol and H^S04 when heated evolves a somewhat fragrant smell. 
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GENERAL TABLE FOR DETECnNG 



[839- 



339. GENERAL TABLE FOR THE 

If the metal has not been detected in the Preliminaiy Examination, 
(see Table pp. 190, 191), and then trying special tests for each 

A part of the solution (332) of the sjibstance, if ctcid (340), is mixed with dilute HCl (SU) 



The precipitate may 
be — 

AgCl— white. 
PbClj— „ 



Examine for the 
metal by Table I. 
(344). 



Into the same part of the solution (342) H^S is iMuued, or HfS- 
is heated to boiling : — 



*f 



The precipitate may be— 

HgS— black. 
PbS- „ 
BI2S3— 
CuS— 
CdS— yeUow. 



RnS — ^brown. 
SnSj— yellow. 
SbjSs — orange. 
AS2S J— yellow. 



Examine for the metal by 
Table H. (345). 



To A fresh portion of the aola- 
[Cauti(m.—It a tartrate or 

evaporating the liquidmust 

dilute HCl, and tested by 
If AmHO added after AmCL 

AmHMoOf and warmed. 

ehrmnate (S43) or fluoride 



The precipitate may be— 

Ai vTn, (Ck>lourles8 and 
^^^<>v—[ transparent 
Cr^Hoe— pale^preen. 
Fe^Hoe— reddish-brown. 

{dingy - green, 
turning raown 
in the air. 



Examine for the metal 
Table III.A (846). 



by 



If the precipitate is opaqae 
or white and nas none of the 
above appearances, refer to 
(867). 



If no metal can be found, the sub- 



NOTES TO THE GENERAL TaBLE. 

840. If the liquid is neutral or alkalinef a portion of it is made jast 
acid by slowly dropping in dilute HNO3. If this produces no precipi- 
tate, or a precipitate which dissolves on adding more HNO3, another 
portion of the liquid is examined by the above Table. 

If a precipitate forms, which is not dissolved by adding more HNOj; 
it may consist either of colourless gelatinous H4Si04from a silicate; or 
of finely divided S, which is precipitated white from a polysulphide, 
and yclloio from a theiosulphate ; or of Sn02, or metastannic acid, or 
SbgOs (all white). It may also possibly be SnSj, Asgda (both yellow); 
or Sb^Sg (orange-red). These sulphides are precipitated from a aul- 
phostannate, sulpharsenate, or sulphantimonite. 

If 1148104 separates, it is best to evaporate the acidified solation quite 
to dryness and then heat the residue with dilute HCL An insolable 
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EXAMINATION FOE THE IVIETAL. 

it is most rapidly fonnd "by ascertainiiig to which Group it belongs 
member of the Group. 



if any precipitate forms, more HCl is added and the liquid heated :— 



water is added to it (343), the liquid is then diluted, and if no precipitate has formed it 



tion AmCl is added, then AmHO in excess :— 

oxalate has been fonnd by (337X some of the solid substance or the residue obtained by 

be strongly heated on a piece of porcelain, the residue on cooling is then dissolved in 

AmCl and excess of AmHO.] 

produce a precipitate, a few drops of the original solution are added to some 

Should a yellow precipitate form, indicating the presence of diphosphate, or should a 

(338) have been found refer to (357) for the examination of the Group IIIa. precipitate. 



To the same portion add a few drops of AmsS, or HaS-water : — 

[JITote— Before adding Am2S the liquid may be blue, showing j>r««ence of Ni, or violet 
from dissolved Cr2Ho« ; the latter must be precipitated by long boiling in a por- 
celain dish before adding Am2S.] 



l%e precipitate 
maybe — 

ZnS— white. 
MnS — ^pink. 
KiS— black. 
Cos— „ 
[FeS- „ ] 



. Examine for the 
metal by Table 
UI.B. (347). 



To the same portion add Am2C08 : — 



The precipitate 
may be :— 

BaCOa- white. 

SrCOg— 

CaCOa— 



»* 



tt 



Examine for the 
metal by Table 
IV. (348). 



To the same portion add Ka2HP04, warm 
gently and shake well : — 



A white crystal- 
line precipitate 
proves presence 
o/Mg. 



The metal still pre- 
sent may be NHi, 
Na, K ; it should 
have been de- 
tected already in 
the Preliminary 
Examination by 
Tests I. or II. 
(333). 



stance is probably an acid (334, IL). 

residue confirms the presence of a silicate. It is filtered off and the 
filtrate tested for the metal by the above General Table. 

Any other substance insoluble in dilute HNO3 is filtered off and may 
generally be known by its appearance. Further, SnOg becomes yellow 
and SbgOg (/range when moistened with HgS water. Metaatannic acid 
becomes golden-yellow if moistened with SnClg solution. 

341. Make a note of any changes which occur on the addition of 
HCl. Gases may be evolved (336) ; or a yellow solution may become 
reddish-yellow, which renders probable the presence of a neutral 
chromate. 

342. Before HgS is added, the liquid must be heated; and if any 
smell of 01 or of SO2, or reddish-brown gas, should be perceived, the 
solution must be boiled down nearly to dryness, then dilute HCl added 
and HgS added at once. During eveporation gelatinous H4Si04 may 
separate (340). 
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ANALYSIS OF A SIMPLE SUBSTANCE. [343, 844. 



343. The following changes, occurring on the gradual addition of 
HgS, are of importance. If the precipitate is whUe at first, then broym, 
and at last hlaek, the presence of Hg" is shown. If the solution is 
strongly acid and gives a red precipitate becoming black on dilution 
with HgS- water, Pb is present 

A separation of white S may occur accompanied by the following 
changes of colour, which are characteristic and should be noted down : — 

A reddish yellow solution changing to paZe green indicates a ferric salt. 
A reddish yelUno „ „ bright green „ chromate. 

A green „ „ colourless „ manganate. 

A purple „ „ colourless „ permanganate. 

The precipitate of S is known by being perfectly white and running 
through a filter, it need not be farther examined. 

A yellow precipitate which forms only on boiling the liquid may be 
AsjSj from an arsenate, or SnS^ from a stannic salt 



844. TABLE L— SILVER GROUP. 

A white precipitate forms on addition of HCl, and is either 
not dissolved when boiled with HCl, or it dissolves and 
reappears in crystals on cooling the liquid, showing the pre- 
sence of Ph. The precipitate may consist of AgCl, PbCl^ 
Hg^Clg. 

Let the precipitate settle and decant the liquid : boil the 
precipitate in the test-tube with AmHO : — 



1. The precipitate dissolves^ 
at least in part, see note 
below : — 

Presence of Ag. 

Confirm by adding excess 
of HNO3 to the AmHO 
solution, a milkiness 
appears. 



Note. — Coagulated AgCl 
often dissolves only slowly 
in AmHO. 



2. The precipitate does not diBSolye:— 



The colour of the precipi- 
tate is unchanged: — 
Presence ojPh . 

Confirm by decanting 
the liquid, dissolving the 

precipitate in HA, and 
adding K2Cr04 to the 
solution; a yellow pre- 
cipitate forms. 



The predpitate becomes 
black: — 

Presence of B.€f 
(Mereurosum). 

Confirm by immerging 
a bright slip of copper 
in a portion of the ori- 
ginal solution, made 
acid with a few drops of 
HNOs; a grey depodt 
forms on the Co, vniich 
becomes white and blight 
when rubbed. 
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Hote tlie colour of the precipitate yielded by H^S : — 



.. The precipitate is do rifrrninn or blaat: itma/cnni' 

Add pnre NsHO Ineicaas to a aniull quanttty of the Itgiiii 
iwiipltate nlune after decaoCiiig tbe liiinld 11 posaihie, and Iwjf:— 



of the precipitate 
ulCeraddiiigs little 

a jallow pTBUipi- 
tata of SnSj;— 
Praenae of Sn- 
(SCanaoauni). 



of diiKolce: It maj' a 

•-"• iablueoTffncn.a 

10:—Prct&arxafCu. 



laaition oi encest qi »mav:—frct&arx aj (,■«. LDnnrm Dyaaa 
lrop8 0lHj30( to the original flolulioD, and dipping Into it abrti 
UliAe or pfete of ateel. a red nim of Cu denosfU. 
8, The oriffinat rotutCtm it eolowrlaa. Tuat In aeparate port 
Kg, Bl, Pb by the Jollowing Bpecfal tests:— 



Sim Is Blu»l 
poAited. nblc 



Hg" Bait dining 
Bcdalionln HNO,. 
The original aiib- 



Pour another portion of ' 

nuoh L'oia distilled 
water i a white pr«;i- 



;nte of Pb 



nd Do mliklDe'ts 
add eiceaa of 
a the liquid ; Bi 



part of the oiigi- 

DHlBolUtlDIlAniBO 

Ineioen, IhenHA 
Id eicau, then 
EgCrOi: a yellow 
]>roidpltate ahova 
prettni»(ifPi. 



BoU the precipitate with NaHO In 



TTIe precipitate doa I 



tinned by showing 

^i^lvea on being 
boUed witb dUute 



ei'lif; a portion with HCI, and place 
in it a piece of Zn wtiich in knnwD t( 
ke free Irom Su: Sn Ja depoalted of 

PrcKfue i^^i'(Stanulcnm). 

The depoBlt of So ahonld be dctnehei 

Ittle atroDg HCI. 
; added I a white preoTpltata 
le pmence qf Sn"- 



from the Zi 
the 



loidify a portion wiih strong 



?S:?.. 'TS,.X If. 

jold, the Aa is present ae 
jnly on boiling. Arsenicum 



I orange red: it [nay oonslat otabjSj. 
the urlfflnal solution with HCI. and 
m loll, a black atain on the platlnnni ( 



,— It ocnasIonaJIj' happeni 
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ANALYSIS OF A SIMPLE SUBSTANCE. [846^ 847. 



346. TABLE III. a. —IRON GROUP. 

The colour of the precipitate produced by addition of 
AmCl and AmHO will usually indicate whether it contains 
Fe, Al, Cr; the following tests may be made in confirma- 
tion. 

To a portion of the original solution add KHO gradually 
until a precipitate has formed (see Note below Table), then 
add KHO in excess and stir weU, one of the following results 
wiU be obtained : — 



1. A colourless gel&- 
tinous precipitate 
is produced which 
dissolves in ex- 
cess of KHO to a 
colourless solu- 
tion : the precipi- 
tate reappeai's on 
the addition of 
much AmCl to 
the KHO solu- 
tion : — 
Presence of Al. 



2. A pale green 
gelatinous pre- 
cipitate forms, 
which dissolves 
in excess of KHO 
to a green solu- 
tion; when PbOa 
is added to 
this green solu- 
tion and the 
liquid is boiled 
and then acidified 

with HA, a yellow 
precipitate is pro- 
duced : — 
Presence of Cr. 



3. A reddWi 
brovrn precipi- 
tate forms, inso- 
luble in excess 
of KHO. Add 
KCyS to the 
original HCl 
solution, a blood- 
red coloration : — 

Presence ofFe"', 



4. A dingy areen 
precipitate 
forms, insoluble 
in excess of 
KHO, the pre- 
cipitate if filter- 
ed off and ex- 
posed to the air 
gradually be- 
comes brown : — 

Presence of F^* 



Note. — if a colourless gelatinous precipitate has been produced by 
AmCl and AmHO, and is not produced by addition of KHO, a silicate 
is probably present. Its presence is confirmed by fusing the solid 
substance in a bead of NaAmHP04 (294) ; or by evaporating the acid 
solution to dryness, a residue insoluble in acid is SiO, and may be 
tested by the bead as directed above. 



347. TABLE IILb.— ZINC GEOUP. 

The colour of the precipitate produced by addition of 
AnigS or of H^S to tlie alkaline solution will distinguish Zn 
or Mn from Ni, Co, and Fe, and will usually distinguish 
Zn and Mn also from one another. See a and h below : — 

a. If the precipitate is light in colour ^ add to some of the original 
solution KHO gradually until a precipitate forms, then add KHO in 
excess. A white precipitate, dissolving in excess of KHO and repie- 
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d by addition of H^S proves presence of Zn, A white or 
h precipitate, insoluble in excess of KHO and gradually taming 
own -when filtered off and exposed to the air shows presence 

f the precipitate is hlack it will consist of either CoS or NiS or 
J of FeS ; the distinction of the metals Ni and Co by the 
of their solutions — Ni being grecn^ CJo pink — and by the 
they impart to the borax bead (333 lY.) is quite simple. FeS 
' precipitated here from a dilv;te solution of a ferrous salt: 
)est detected by (346). 



348. TABLE IV.— BAEIUM GEOUP. 

I a loop of platinum wire into the original solution or 
le HCl solution of the precipitate produced by Am^COg, 
Did the wire in the Bunsen flame. If the flame colora- 
lus obtained is not decisive, employ the tests placed at 
ot of each column as confirmatory : — 



Affiah green flame:- 
resence of Ba . 

natory.-XM CaS04 
)erfectly cold por- 
of the HCl solu- 
i precipitate forms 
idiately. 

- A green flame 
ition may be pro- 
l by H3BO3. 



A crimson flame, api>ear- 
ing deep red through 
the indigo-prism : — 
Presence 0/ Sr. 

Confirmatory. -AAd. CaS04 
to a perfectly cold por- 
tion of the HCl solu- 
tion, no precipitate is 
produced, but a pre- 
cipitate appears im- 
mediately on boiling. 



A red flamey appearing 
dingy green through 
the indigo-prism : — 
Presence qf Ca, 

Confirmatory.-Add CaSO^ 
to part of ue HCl solu- 
tion and boil ; no pre- 
cipitate. To the rest 
add AmHO in excess, 
and Ara2C204 : a white 
precipitate forms. 



EXAMINATION FOR THE ACID-RADICLE. 

). If the acid-radicle has not been found already in the 
ainary Examinations (335-3 38a), or during the Exami- 
1 for the Metal (341, 343) or elsewhere, it must be 
[ for as directed below. Since the solubility of the 
ince (332), and the metal it contains are known, much 
le is usually saved by referring to the " Table of Solu- 
!S " (440). 

: the tests given below, use separate portions of the 
lal substance. Try the tests in succession imtil an 
adicle is found. 



208 EXAMINATION OF A SIMPLE SUBSTANCE. [850, 851. 

A nitrate, if present in small quantity, may have escaped 
detection in the preliminary examination. It is well, there- 
fore, to test for a nitrate in the aqueous solution of the sub- 
stance by ferrous sulphate solution and H2SO4 (247). 

350. Acidify a portion of the liquid, or if a solid dissolve 
it, with dilute HCl, and add BaCla- If Pb, Hg', or Ag has 
been found, acidify with HNO3 and add Ba(N03)2, ^^^ 
HCl and chlorides would precipitate the above metals as 
chlorides. A white precipitate forms which does not dis- 
appear on boiling : — Presence of a sulphate. 

351. Acidify a portion of the liquid, or, if a solid is being 
examined, dissolve the solid with dilute HNO3. Filter oflf 
any precipitate or residue which may form, and add AgN03 
solution. A precipitate forms, which does not disappear on 
warming. Note the colour of the precipitate ; and according 
as it is tohite, yellow, or orange, examine it by 1, 2, or 3 : — 



« 

1. The precipitate is white; it may consist of AgCl, AgC^, AgfFeCye, or 
AgCyS. Make a portion of the original solution just acid with HCl, then 
add FcaCle :— 



A deep blue precipitate : 
Presence of a jerrocyaTvide. 



A blood-red coloration : 
Presence qf a sulphoeyanide. 



If FcsClfi has yielded neither a precipitate nor coloration, indicating absence 
of a ferro- and sulpho-cyanide, decant the liquid from the precipitate 
caused by AgNOs, pour upon the precipitate some strong HNOs ana boil: 



The precipitate remains 

undissolved : 
Presence 0/ a chloride. 



The precipitate dissolves : 
Presence o/a cyanide. 
Confirm the presence of a cyanide in a portion of 
the original solution by boiling it with FeS04, 
FcsCls, and KHO, and acidifying with HCl: a 
blue precipitate : Presence 0/ a cyanide. 



2. The precipitate is yellow^ and may consist of AgBr or Agl. 
Test some of the original solution for an iodide by adding to it starch solution 
and KNO2 solution, then acidifying (if not already acid) with HCl : a deep 
blue coloration : 

Presence 0/ an iodide. 

If an iodide is not thus detected, add to another portion of the original solu- 
tion several drops of Cl-water ; if the liquid becomes yellow, and on being 
Bhaken with CSg colours that liquid reddish brown, it shows : 

Presence 0/ a bromide. 



The precipitate is orange red, and is probably Ag«Fe«Cyi2. 

e a portion of the ori^nal solution just acid with JBLCl, then add FeS04 



3. 
Make 
solution ; a deep blue precipitate shows : 

Presence 0/ a ferricyanide. 
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Note, — If Hg has been found, HgCyg may be present, notwithstand- 
ing the formation of no precipitate with AgNOg. If not already 
detected in (33a 1.), refer to (306). 

352. Acidify some of the original liquid, or if it is a solid 
dissolve it, with dilute HNO3. Filter if necessary, add a small 
quantity of this acid solution to some AmHMoOi solution, 
stir well and warm gently : — 



A yellow precipitate shows : — 
Presence of a pTiosphate, 



If no precipitate forms heat to 
boiling, the formation of a yellow 
precipitate shows : — 

Presence of wn arsenate. 



The presence of a phosphate or arsenate may be confirmed by dissolv- 
ing the yellow precipitate, separated by filtration or decantation, by 
pouring upon it a little AmHO. On adding to this solution AmCl and 
MgS04, a crystalline precipitate will form, which is to be filtered off 
and washed with a little cold water. Several drops of AgNOg solution 
are poured upon this precipitate on the filter. If it becomes yellow a 
phosphate is present, if brown an arsenate is present. The presence of 
an arsenate is further confirmed by a yellow precipitate (AsgSg) appear- 
ing when HgS is passed into the boiling liquid. 

353. Acidify a portion of the original liquid, or, if a solid, 
stir it, with HCl. Dip into this solution a piece of turmeric- 
paper, and dry it at a gentle heat. If the paper becomes 
reddisli-hroKm when dry, and changes to dingy hrown or blue- 
black when moistened with AmHO, it proves the Presence 
of a borate. 

354. The acid-radicles, one of which may still be present, 
are "T, "CgO^ and 'F. If the metal found belongs to Groups 
I., II., III., or IV., the examination for one of these radicles 
must be begun at (356) ; if the metal present is K, Na or 
NH4 examine by (355). 

355. Make the solution just alkaline with AmHO, then 
add CaClg solution in some quantity ; shake well and let 
stand if no precipitate forms at once. The preliminary 
examination (337) will usually have indicated which of these 
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acid-radicles is present, and thus show according to which 
of the three columns helow the precipitate is to he further 
tested : — 



1. A crystalline precipitate, ap- 
pearing after some Hme, shows 
]^T6b&hle presence of a tartrate. 

Confirm by 1 or 2 below : — 

1. Decant the liquid from the 
precipitate, add a little water 
and a single drop of AmHO, 
drop in a smaU crystal of 
AgNOa and warm very care- 
fully; a mirror is formed 
below the crystal, presence of 
a tartrate. This test may be 
tried also with the original 
solution by (322). 

2. On acidifying some of the 
neutral original solution with 

HA and adding alcohol and 

KA (unless E or NH4 has 
been detected in the sub- 
stance), and stirring or shak- 
ing well, the formation of a 
crystalline precipitate shows 
presence of a tartrate. 



II. A white pulverulent pre- 
cipitate shows probable 
presence of an oxalate. 



The presence of an oxalate, 
already indicated by the 
test in (337, 5), must be 
confirmed either by warm- 
ing some of the original 
substance with MnOi and 
H2SO4, and testing for 
CO2 gas (319) : or by the 
more tedious method of 
filtering off and drying 
some of the above preci- 
pitate of CaC204, then 
igniting it and testing 
for a carbonate withHCl 
(318 a). 



III. A gekUinoua 
JlocciUent precipi- 
tate shows pro- 
bable ^esenee ^ 
a fluoride. 

Confirm by filtering 
and warming some 
of the precipitate, 
or of the sub- 
stance if. solid, 
in a small cup of 
lead or platinum 
with strong 
FpS04; fumes 
will be evolved 
which etch a pro- 
perly prepared 
watch glass (296). 



356. An oxalate or fluoride of Ba, Sr, Ca, or Mg will 
have been already detected. A tartrate of any one of these 
metals is found by gently heating the finely powdered 
substance if it is solid, or the neutral solution if a liquid, 
with very dilute AmHO and a crystal of AgNOg : the forma- 
tion of a mirror shows presence of a tartrate. K a metal of 
Groups I., II., or III. has been found, the metal must be 
separated before testing for the acid-radicle. 

If the metal belongs to Group I. or II., make the original 
solution just acid with HCl, and add HgS-solution or pass 
H.^S into the liquid for about five minutes. Filter off 
the precipitate and add more HgS to the filtrate; if no 
more precipitate forms*, boil in a porcelain dish until the 
liquid ceases to smell of HgS, and examine by (355). 



* If any further precipitate forms add more of the reagent, filter, and 
test again by adding more of the reagent ; this addition of reagent, filtra- 
tion, and testing the filtrate is repeated until no further precipitate fonm 
on addition of the reagent to the filtrate. 
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If the metal belongs to Group III. add AmCl, AmHO till 
alkaline, then Am2S. Boil and filter, add to the filtrate 
AnigS ; if no more precipitate forms (see footnote, page 210) 
and HA in excess, boil, filter off S if necessary, and examine 
by (355). 

If no acid-radicle can be found in any quantity and the 
substance is not metallic in appearance, it is probably an 
oxide or a sulphide. Most sulphides yield a sulphate or 
sulphuric acid when they are boiled with strong HNOg, 
which may be detected after dilution by (350). An oxide 
may often be known by its colour (331), or by some other 
special property or test. Thus MnOg may be recognised by 
evolving CI when it is heated with HCl, and PbgO^ by leaving 
brown PbOg when it is treated with dilute HNO3. 



EXAMINATION OF GROUP III.a. 

357. The precipitate formed on the addition of AmCl and 
AmHO to the solution of a substance insoluble in water may 
consist of AlaHgOg, FcgHgOg, CrgHgOg ; or of Fe, Al, Cr, Zn, 
Mn, Ni, Co, Ba, Sr, Ca, Mg as phosphate or oxalate; or of 
Ba, Sr, Ca as chromate or fluoride. 

The systematic examination of a precipitate in Group 
III.A. for these substances is a difficult matter. Such an 
examination is however only necessary, when an oxalate 
(337. 5), a chromate (343), or a fluoride (338) has been 
already detected, or when a phosphate is found in (339). 
If a precipitate forms in Group IILa., and the above acid- 
radicles are absent, proceed as is directed in (346). If the 
above acid-radicles are present, the metal must be tested for 
as is directed below, unless it has been certainly detected 
during the Preliminary Examination. 

358. Note the appearance of the precipitate caused by 
AmCl and AmHO, then add AmgS to the liquid and precipi- 
tate. Stir well, and, according to the appearance of the pre- 
cipitate, proceed to examine further by 1 or 2 (page 212). 
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1. The precijritate after addition of Am^S is blacky it may 
consist of FeS, CoS, or NiS; the means of distinguisliing 
these three metals is given below. Note first the colour 
of the original solution (334, 1). 



a. The colour of the ori- 
ginal solution was 
yellow or reddish- 
brown :r— 
Presence of Fe'". 
(Ferricum.) 

This is confirmed by 
the precipitate pro- 
duced by AmCl and 
AmHO in the ori- 
ginal solution hav- 
ing been pale-yellow 
or reddish - hrovm, 
and becoming black 
on addition of Am2S. 

As a confirmatory test 
add to a portion of 
the original solu- 
tion, acidified with 
HCl if necessary, a 
few drops of KCyS 
solution, a blood-red 
coloration is pro- 
duced. 



). The colour of 
the original 
solution was 
pink, or pos- 
sibly blue be- 
coming pink 
on dilution : 
Presence of 
Co. 

The presence 
of Co may be 
confirmed by 
adding ex- 
cess of EHO 
to the origi- 
nal solution, 
a blue preci- 
pitate turn- 
ing red on 
boiling shows 
the presence 
of Co. 

Co will also 
have been 
detected by 
its borax 
bead (333, 
IV.) 



e. The colour of the original solution 
was green : — Presence qf Ni or Fel'. 

Note the effect which was produced 
by the addition of AmCL and 
AmHO:— 



A blue solution 
was produced : — 
Presence of Ni. 

The presence of 
Ni may be con- 
firmed by adding 
excess of KHO 
to a part of the 
original solution, 
a ; light green 
precipit ate 
shows the pre- 
sence of Ni . 

Ni will also have 
been detected by 
its borax bead 
(333, IV.) 



A dingy greenpre- 
cipitate, which, 
when shaken 
round in a por- 
celain dish and 
left for several 
minutes exi>08ed 
to the air, be- 
comes brown:— 
Presence of Fef', 
CFerrosum.) 

Confirm by adding 
K^Cfys to some 
of the original 
solution, acidi- 
fied wilth HCl 
if necessary ; a 
dark blue preci- 
pitate is ph)- 
duced. 



2. The predpitatey after addition of AmjS, is white or light 
coloured, — It may consist of CigHog, AlgHog, ZnS, MnS; 
[ or of BaCrO^, or Ba, 8r, Ca, Mg, as phosphate, oxalate, 
fluoride, silicate, or possibly borate ]. The substances in 
brackets can however only be present if the liquid given 
for analysis was acid in reaction, or if a solid was given 
which was insoluble in water. 

To a small portion of the original solution add KHO drop 
by drop until a precipitate is produced. (See Note below 
the Table.) Note the colour and appearance of this pre- 
cipitate, then add a larger quantity of KHO and stir or 
shake well ; one of the following results (a or h) will be 
noticed : — 
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a. The precipitate at first produced by KHO re-dusolvee when 
the KHO is added in larger quantity; indicatiiig the pre- 
eence of Al, Zn, or Ci. N^ote the appeaiaace of the pre- 
cipitate: — 
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presatce ofasilicaU is proved; filter and test the filtrate for K orNa. 



h. The predpitate at first produced by KHO does not redissolve 
on addition of more KSO ; the precipitate will have one 
of the following a 
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359. The precipitate may consist of Ba, Sr, Ca, or Mg a$ 
phosphate, oxalate, borate*, fluoride, or silicate. 

Examine for the metal and acid-radicle as directed below, 
working through the columns from left to right, mdess the 
presence of a phosphate (339), oxalate (333, I. 4, or 337, 5), 
borate (334, V., or 333, IL, or 338 a), or fluoride (338), has 
been already proved, in which case proceed at once to 
examine according to (360), or by column 1, or 2, or 3 below. 

K this precipitate is proved to contain a phosphate, oxalate, 
borate, fluoride, or silicate, the further examination for an 
acid-radicle becomes unnecessary. 



1. Add AmHO in excess 
to a portion of the origi- 
nal Bolutionf, filter, (fiy 
the precipitate and heat 
a portion of it to a dull 
red heat for several 
minutes on platiilum 
foil. 

Place the foil in a test- 
tube and pour a few- 
drops of dilute HCi upon 
it; if the residue dis- 
solves with efferves- 
cence, it shows the 
presence of an oxalate. 

Test this HCI solution 
for Ba, Sr, Ca, Mg, by 
(339), using it as the 
original solution. 

If the ignited precipitate 
does not dissolve with 
effervescence, pass on 
to column 2. 



2. Stir some of the pre- 
cipitate produced by 
AmHOt, column 1, on 
a watch glass, with a 
little water to which a 
few drops of HCI have 
been added, until the 
precipitate is dissolved. 
Dip into the liquid a 
slip of turmeric paper, 
and dry at steam heat ; 
the slip appears reddish- 
hrovmf and becomes 
dingy-green when moist- 
ened with AmHO :— 
Presence of a borate. 

Examine for the metal 
present by (361). 

If a borate is not found, 
proceed to column 3. 



3b Place another portion 
of the precipitate pro- 
duced Dy AjooHOt, co- 
lumn 1, in a leaden 
cup or platinum cm- 
cible, add strong B.t^4 
and warm gently, 
covering the vessel 
with a watch glass, 
which has been coated 
with a film of wax and 
has had characters 
traced with a sharp 
point through the wax 
(296); the glass is 
etched :— 
Presence of a fluoride. 

Examine for the metal 
present by (361). 

If no fluoride is found, 
test for a Bilicate by 
(361). 



360. Examination of a phosphate. — Add to a portion of 
the cold original solution AmHO drop by drop, whilst con- 
stantly shaking the liquid, until a slight precipitate is 
formed which does not disappear on stirring; then add 
HA and lN"aA solution, and drop in FegClg until the liquid 
after being well shaken has a brown or red colour ; boil and 
filter immediately. The precipitate is thrown away. To 



* Borates of Ba, Sr, and Ca, arc rarely precipitated in Oronp III., sinee theyi 
soluble in the AmCl formed on adding AmHO to the HCI solution. 

t If a solid is being examined, a portion of the original solid is employed for 
this test, instead of the precipitate produced by AmHO in the HCI solatkm. 
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ihe filtrate AmCl is added, then AmHO until it is just in 
jxcess, boil and filter; the liquid or filtrate, which must 
nnell strongly of NHg, is then tested for Ba, Sr, Ca, and 
VIg by (339), this liquid taking the place of the original 
jolution ; and if any precipitate is formed by AmujCOg, it 
nust be well washed several times with boiling water to 
•emove Na, since the intense yellow coloration of Na 
vould mask that of Ba, Sr, or Ca. 

Explanation of the Method for Examination of a Phosphate. 

In order to detect Ba, Sr, Ca, or Mg present as phosphates, the PO4 
Qust be removed from the solution and the metal left as chloride. This 
9 effected by neutralising all HCl and leaving the solution acidified 
nly by free HA ; by addition of FcgClg in slight excess and boiling, aU 
*04 is precipitated as FePO^ which though soluble in HCl is perfectly 
tisoluble in HA. On filtering, FeP04 remains upon the filter, and the 
Itrate contains the metal (Ba, Sr, Ca, or Mg) as chloride together 
nth. a little Fe, but is perfectly free from phosphate. 

36L Examination of a borate, fluoride, or silicate, — ^A 
►ortion of the original substance is placed in an evaporating 
>asin, which is then nearly filled with dilute HCl, and the 
[quid is entirely boiled away ; the dish is once more filled 
nth. acid, and again evaporated to dryness : the residue in 
he dish is then warmed with dilute HCl, and filtered if 
ny residue is left : — 



Solution : the HCl solution is examined for 
Ba, Sr, Ca, Mg by (339), this solution 
being treated as is there directed for the 



original solution. 



Residue: if any resi- 
due remains in- 
soluble in HCl, it 
proves : — 

Presence of a silicate. 



Explanation of the process. — The evaporation to dryness with HCl 
jmoves HjBOs and HF, which volatilise, whilst SiOg is left insoluble ' 



1 HCl and therefore remains as an insoluble powder on afterwards 
'arming with HCl ; this residue of SiOj also remains, however, if 
EF was present, being caused by the corrosion of the dish ; since how- 
ver HF if present has already been found, no notice will then be 
iken of the residue. 
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THE SUBSTANCE POSSESSES METALLIC 

LUSTEE. 



366. This shows the probable absence of an acid-radicle. 
The only non-metallic elements likely to be present are free 
carbon as graphite, free iodine, or combined sulphur, since 
several sulphides are decidedly metalL'c in appearance*. The 
presence of the metals Ni, Co, Fe in the free state, and of 
EcgO^, may be shown by the substance being attracted by a 
magnet. Pb, or graphite, will be recognised by marking 
paper when rubbed upon it, as a black lead pencil does : the 
mark due to Pb disappears if wetted with dilute HNO3 • 

Preliminary Examination. 



Experiment. 


Observation. 


Inference. 


I. Heat a portion of 
the substance in 
a smaU ignition - 
tube 


1. A black lustrous miM-or forms 

2. A yellow sublimate forms, melting, 
when heated, to brown drops . 

3. Violet vapour is given off, condens- 
ing to black scales on the sides of 
the tube 

If the substance sublimes entirely 
as violet vapour .... 


Presence of As. 
Presence of S. 

Presence of I. 
Iodine alone is pre- 
sent. 


1 

II. Heat a portion 
intheinnerblow- 
pipe flame in a 
ca\'ity scooped 
on a piece of 
wood charcoal. 

1 


1. Smell of garlic .... 

2. If an incrustation forms, refer to 
par. (333, V.) where in the second and 
third column will be found the ap- 
pearance of the incrustation and the 
metal whose presence it indicates. 

3. Smell of burning sulphur 

4. A gieen flame coloration 


Presence of As. 

Presence of S. 
Presence of Cu. 


III. Place a portion 
of the substance 
in a piece of hard 
glass tube open 
at both ends, and 
heat it stronjrly 
in the Bunsen 
11am e, and after- 
wards in the 
blowpipe flame if 
necessary. 


m^ gas is evolved from the upper 

Um\ which smells of burning sul- 

^Aj^ and turns a piece of fllter- 

piflfc moistened with K2Cr207 solu- 

tion^^een 

2. The substance bums completely 
but slowly away, glowing when 
strongly heated. This effect is best 
seen by heating it strongly on l*t- 
foil by directing the blowpipe flame 
on the under surface of the foil 


Presence of S. 
Presence of C. 



♦ The most common sulphides which possess metallic lustre are copper 
pT/rites and iro7i pyrites, which resemble brass in appearance : an 1 gcUena, 

which resembles lead. 
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After completing the preliminary examination proceed as 
is directed in (332). 

No acid-radicle need be tested for except S, As and P, which 
are most easily detected after they have been converted into 
acids by oxidation. A portion of the finely-powdered sub- 
stance is accordingly dissolved in strong HNO3, and this 
solution is diluted with water : HgSO^ is then tested for by 
BaCl2, and H3PO4 and HgAsO^ by AmHMoO^ (352). 



THE SUBSTANCE IS INSOLUBLE BOTH IN 
WATER AND IN ACIDS. 



367. It may consist of any one of the following substances ; 
those included in brackets being less likely to occur than the 
others, since they are soluble when heated with sufficient 
water or acid. As will be seen below, the colour frequently 
serves to indicate what substance is present. 

1. White: BaSO^, SrSO^, (CaSO^), PbSO^, (PbClg), AgCl* 

SiOa, ignited AI2O3, SnOg, SboO^, SbgO^, CaFg. 

2. Bark coloured: ignited FcgOg (dark brown or black), 

ignited CrgOg (dark green or black), FeCrgO^ and 
ignited PbCrO^ (dark brown), C (black). 

3. Yellow: S, AgBr*, Agl* (Pbig). 

An insoluble silicate may also be present. For a fuller 
description of these substances see (475). According to the 
colour of the substance examine it by (368, 369, or 370). 

368. The substance is white. If sufficijB]|t substance is 
available, try the following preliminary tgj^s; if not, proceed 
at once to (368 a). Pour a drop of AmgS upon a small 
portion of the substance. If it blackens the presence of Pb 
or Ag is probable ; if it becomes yellow or orange red the 
presence of Sn or Sb is probable. Pass on to test III. in the 
following Table. 

If no change of colour is produced by AmgS, try tests I. 
and II. in the following Table. 



* Darkens quickly in sunlight, and slowly in ordinary daylight. 
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Experiment. 



I. Moisten a clean loop 
of platinum wire, im- 
merse it in the powdered 
substance, and heat the 
adhering powder for a 
short time strongly in 
the inner blowpipe 
flame; moisten the loop 
with a drop of strong 
HCl, and hold it in the 
Bunsen flame 



II. Yuse a portion of the 
substance, mixed with 
NajCOa in fine powder, 
in a cavity scooped upon 
a piece of wood charcoal, 
in the inner blowpipe 
flame produced from a 
spirit lamp flame. 



III. Mix some of the 
ftnely powdered sub- 
stance with powdered 
Na-^COs and KCy, on a 
small cavity made in a 
piece of wood charcoal, 
and heat the mixture 
in the inner blowpipe 
flame. 

If metallic globules form, 
detach one and strike it 
smartly with the pestle 
on the inverted mortar. 
Also take a globule on 
the point of a penknife 
and try if it marks paper 
as black lead does. 



Observation. 



A yelloungh green flame. 



A crimson flame, appear- 
ing deep red through the 
indigo-prism. 

A reddish flame, appear- 
ing dusky green through 
the indigo- prism. 



Inference. 



The cooled mass, if de- 
tached from the char- 
coal, placed upon a 
bright silver coin, and 
moistened with water, 
gives, when crushed with 
the blade of a knife, a 
black stain. 



Wliite metallic 7nalleaJ>le 
globules, which mark 
paper, and if dissolved 
in HNO3 give a white 
precipitate with B[^S04 ; 
a yellow incrustation is 
also formed on the 
charcoal. 

White metallic m^leable 
globules which do not 
mark paper; they dis- 
solve in HCl, the solution 
giving a white precipi- 
tate with HgCl2 . 

White metallic brittle 
globules, which, if dis- 
solved in boiling HCl, 
give an orange red pre- 
cipitate with H2S: white 
incrustation. 

White scales, no incrus- 
tation: the metal is 
insoluble in HCl, and if 
dissolved in HNO3 gives 
no precipitate with 
H2SO4 but a white pre- 
cipitate with HCl ; the 
original substance is 
instantly blackened by 
a drop of Am2S, and is 
dissolved on being 
warmed with AmHO . 



Presence of Ba.\ 



Pretence o/Sr. 



Presence of Ca.^ 



Test for 
8O4 b 
£zp 



'.K 



Presence of a sulphate. 

Note.— If SO4 is not 
found, test for F by (338 
or 296), and further 
examine the snbstance 
by (368 a). 



Presence o/Pb as chloride, 
sulphate, or chromate. 

Refer to the Note below 
this Table. 



Presence ofSnO^ 



Presence ofShfQ^ or Sbfi^ . 



Presence of AgCL ISflt 
also (368 a).] 



Xotc. — Boil some of the substance with much water, add HNO{|«i 
AgNOg, a white precipitate shows presence of PhCl^. 

Test for chromate by fusing in a porcelain crucible with Na^GO^'f 
K.iCOg ; a yellow mass on cooling shows presence of PbCrO^, 

The presence of PbS04 may be proved by test II., and byp f 
upon the original substance H^T then excess of AmHO, and be 
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then filtering if necessary, acidif3ring a portion of the clear solution 
with HA, and adding K2Cr04 ; a yellow precipitate shows th® 
presence of Ph. Another portion may then be acidified with HCl, 
and if BaCl^ produces in it a white precipitate insoluble on boiling, 
presence of SO^ is proved. 

If none of the substances mentioned in the above Table have 
been detected, test for AlgOg by heating the substance strongly 
on charcoal in the outer blowpipe flame, after moistening it 
with Co(N03)2 solution; a blue mass shoyvs presence of Al^O^. 

If AlgOg is not found, fuse some of the substance in a 
clear bead of NaAmHPO^ ; particles float undissolved in the 
bead : — Presence of SiO^;, or a silicate. Proceed to (368 a). 

368 a. Fuse a portion of the finely-powdered substance, 
mixed with four or five times as much fusion mixture, for 
several minutes in the blowpipe flame, heating it on a piece 
of platinum foil, or in a porcelain crucible if Pb or Ag is 
present. Boil the cool mass with water ; filter and wash 
the residue. 

Examination of undissolved residtie, — Heat the residue 
with dilute HNOg. If it does not dissolve, decant the acid 
and heat the residue with a small quantity of a mixture of 
dilute HNO3 and HCL If the residue is still undissolved, 
it must be fused again with fresh fusion mixture, and 
treated as is directed above. 

The acid solution is examined for the metal by (339). 

Examination of the water solution. — When the metal pre- 
sent has been detected, it will usually be possible to limit the 
number of acid-radicles which need be tested for by refer- 
ring to the list in (367). Tests are given Ipelow for all acid- 
radicles likely to occur in insoluble substances. A separate 
portion of the water solution is to be used for each test. 

Sulplvate : acidify a portion with HCl and add BaClg : a 
white precipitate will form. 

Chloride : acidify a portion with HNO3 and add AgNOg, a 
white precipitate is produced, which is easily soluble in AmHO. 

If the precipitate produced by AgNOg has a yellow tinge 
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and is not easily soluble in AmHO, add to a fresh portion of 
the water solution a little CSg ; then add acidified CaClgO 
solution drop by drop, shaking well between each addition. 
A brown coloration of the CSg shows a bromide, a violet 
coloration an iodide. 

Silicate : make a portion acid with HCl and evaporate to 
perfect dryness, if on warming with dilute HCl an insoluble 
residue is left, this proves the presence of silica or a silicate. 

Fluboride : acidify with HA and add CaClg, a gelatinous 
white precipitate forms. Confirm by tests (338 or 296) tried 
on some of the original substance. 



369. Tlie substance is dark-coloured (367, 2). 

Place some of the substance on a piece of platinum foil and 
heat the foil strongly on its under surface by the blowpipe 
flame : — 



The substance bums away 
slowly but completely : — 

Presence of C. 



The substance does not hum away; place upon it 
three or four times as much powderckl NasCQs 
and KNO3, and fuse for some time : — 



1. The substance dissolves, forming a yellow mass 
when cold : — Presence of Cr^Ot • 

2. The substance remains undissolved as a dark 
brown powder, and the mass on cooling is 
white : — Presence of Fe^O^*. Confirm by boil- 
ing the mass with water, filtering and fusing 
the brown residue into a borax bead (100). 



370. TJie substance is yellyw (367, 3). 

Heat a portion of it strongly in a small ignition-tube ; one 



of the following results will occur : — 



It fuses and sublimes, the subli- 
mate being yellow and melting 
to reddish brown drops when 
heated : — 

Presence of S. 

Note. — If the substance sublimes en- 
tirely it consists only of sulphur. 



It fuses but does not sublimt. 

Examine a portion of the sub- 
stance for Ag and Pb and for 
Br and I by (368 a). 



* FeCr204 shows both reactions 1 and 2, since it contains both T% 

and Cr. 



EXAMPLES OF ENTBT. 
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ANALYSES OE SIMPLE SALTS, SHOWING HOW 

TO ENTEE EESULTS. 



A. Liquid given for analysis. 

Preliminary Examination for the Metal, 



Experiment. 



1. Noted tha colour of the 
liquid. 

2. Dipped into it a piece 
of blue litmus-paper. 



3. Evaporated a few drops 
slowly upon a watch 
glass. 

Ignited the residue 
strongly. 

4. Added KHO solution 
and boiled. 

5. Dipped a loop of pla- 
tinum wire into the 
solution and held it in 
the flame. 



6. Dipped a clear borax 
bead into a portion of 
the residue from 3, and 
fused in the outer and 
inner blowpipe flame. 



Observation. 



Blue. 



The paper was turned 
red, but on addition of 
Na^COa no efferves- 
cence occurred. 



Pale blue residue left. 



Blackened without smell 
of burning. 

No smell of NH3. 



Bright green flame; on 
moistening the wire 
with strong HCl and 
again holding it in the 
flame it gave a blue 
coloration. 

In outer flame the bead 
was green whilst hot, 
blue when cold. 

In inner flame it be- 
came colourless. 



Inference. 



Presence of Cu. 



Presence of a salt with 
acid reaction. 



Presence of some dis- 
solved solid. 

Absence of organic acid- 
radicles. 

Absence of NH4. 



Presence of Cu. 
Presence of Cu. 



Preliminary Examination for the Acid-radicle, 



Experiment. 


Observation. 


Inference. 


1. Added dUute H2SO4 
and warmed. 

2. Added strong H2SO4 
and warmed. 


No gas was evolved. 

No gas was evolved 
And no red fumes on add- 
ing Cu clippings. 


Absence of carbonate, 
sulphite, sulphide, and 
nitrite. 

Absence of chlorate^ &c. 

Absence of nitrate. 

■ 
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Examination for the Metal, 

To a portion of the liquid added HCl: — 



No precipitate. 
Absence of Group I. 



Added strong H^S- water: — 



A hrownisk black precipitate. Presence of Sn", 

Hg", Bi, Pb, or Cu. 
Allowed the precipitate to settle, poured oflf as 

much of the liquid as possible and boiled the 

precipitate with excess of NaHO, it remained 

undissolved. 
Since the original solution was blue, a clean knife 

blade was dipped into a portion of it acidified 

with H2SO4, red copper was deposited on the 

steel : — 

Presence of Cu. 



Examination for the Acid-radicle. 

Added HCl and BaClg; a white precipitate was produced 
which did not disappear on boiling : — Presence of sulphate. 

Found Cu, SO^. 



B. Liquid given f(yi' analysis. 
Preliminary Examination for the Metal. 



Experiment. 



1. Noted the colour of 
the liquid. 

2. Dipped red litmus- 
paper into the liquid. 

3. Evaporated a few 
drops to dryness upon 
a watch glass. 

Ignited the residue 
strongly. 

4. Boiled a portion with 
excess of KHO. 

5. Dipped a loop of pla- 
tinum wii-e into the 
solution, and held it in 
the Bunsen flame. 

6. Dipped a clear borax- 
bead into the residue 
from 3, and fused in 
the outer and inner 
blowpipe flames. 



Observation. 



Light yellow. 



It was turned faintly 
blue. 

A yellow residue re- 
mained. 

No blackening. 



No smell of Nfla. 



A pale violet flame, 
appearing crimson 
through the indigo- 
prism. 

Outer flame: hrowut 
hot ; green, cold. 

Inner flame : green, 
hot and cold. 
Brown colour not 
reappearing in the , 
outer flame. ^ 



Inference. 



Presence of a neutral 
chromate. 

Probable presence of an 
alkali-salt. 

Presence of some dis- 
solved solid. 

Absence of organic acid- 
radicle. 

Absence of NH4. 



Presence of K. 



Presence of Cr m a 
chromate. 



OF A SIMPLE ANALYSIS. 
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Examination for the Metal. 

Since tlie liquid was alkaline in reaction, added to a small 
portion of it a few drops of HNO3 until it became acid, this 
produced no precipitate. 

To another portion added HCl, the liquid turned from yellow 
to orange red, indicating presence of a neutral chromate : — 



No 
^ecipitate. 
Absence of 
Group I. 



Then added H2S- water and warmed : 



The liquid be- 
came green, 
and white 
S was de- 
posited : 

Presence of a 
chroTuate. 



To another portion of the original solution added AmCl, then 
AmHO, no precipitate formed : then added Am^S and boiled : 



Xo precipitate in the cold, 
but on boiling a green 
flocculent precipitate gra- 
dually formed, evidently 
consisting of Cr2Hos re- 
duced from the chromate. 



Added to another portion of the 
solution AmCl, AmHO, and 
Am2C03 : 



No precipitate. 
Absence of 
Group IV. 



Added to the 
same portion 
Ka2HP04 and 
stirred: 

No precipitate. 
Absence o/Mg. 



Since K was found hy the flame coloration in the pre- 
liminary examination, its presence was confirmed by stirring 
a portion of the solution, to which a few drops of HCl had 
been added, with PtCl^ on a watch glass; a yellow crystalline 
precipitate forming on the lines rubbed by the rod: — Pre- 

seTice of K. 

Found K, CrO^ . 

C. A white crystalline substance fflven for analysis. 
Boiled a small portion with water; it dissolved completely. 
Preliminary Examination for the Metal, 



Experiment. 


Observation. 


Inference. 


• Heated in a smaU dry test-tube. 


The substance gave off red 
fumes and oxygen gas, 






which inflamed a glow- 


Presence of a nitrate of a 




ing splinter of wood. 


heavy metal. 




It left a yellow residue. 


Presence of Pb, Sn, or Bi, 


. Dipped a loop of moistened pla- 






tinum wire into the powdered 






substance, moistened with strong 






HCl and held in the Bunsen flame. 


A pale blue flame. 


Prasenoe of As, Sb, Pd. 


1. Heated a small portion in a cavity 


Deflagration occurred. 


Presence of a chlorate or 


on wood charcoal in the inner blow- 


A white malleable globule 


nitrate. 


pipe flame. 


remained which easily 
marked paper. A 






yellow Incrustation. 


Presence of Pb. 


Fused on charcoal in the inner blow- 


Same result as with 3. 


Presence of Pb. 


pipe flame with Na^COa and KCy. 
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Examination for the Metal in Solution. 

Boiled a portion of the powdered substance with water, 
cooled, added HCl to a part of the clear solution, a white 
precipitate was formed, which disappeared on boiling, but 
appeared again in the crystalline form on cooling the liquid 
(probable presence of Pb), 

Confirmed the presence of Pb by decanting the liquid and 
boiling the precipitate with AmHO, it remained white and 
did not dissolve; decanted the ammoniacal liquid, dissolved 
the precipitate in a little HA, and added KgCrO^, a yellow 
precipitate : — Presence of Pb . 

Since a nitrate was found in the preliminary examination, 
its presence was confirmed by adding strong HgSO^ to the 
aqueous solution of the substance, and pouring solution of 
FeSO^ carefully upon the cooled liquid in a test-tube; a 
brown ring formed on the surface of the acid: — Presence of 

Also some of the solution when heated with Cu and strong 
H2SO4, evolved reddish brown fumes: — Presence of NO^. 

Found:— Pb, NO^. 



D. A white 'powder, emitting no smelly given for analysis. 
Boiled some of the powdered substance with water, it did 
not dissolve : added a few drops of strong HCl and boiled, 
the substance dissolved completely (absence of Group I.) 
without effervescence. 

Preliminary Examination for the Metal. 



Experiment. 



1. Heated in a small dry test-tube. 



2. Dipped a moistened loop of pla- 
tinum wire into the powdered sub- 
stance, moistened the powder with 
strong HCl and held it in the 
Buusen flame. 

3. Heated a portion of the powder 
strongly on charcoal in the inner 
blowpipe flame. 



Observation. 



1^0 change. 



No flame coloration. 



The substance did not fuse. 

A white luminous residue, 
which when moistened 
on red litmus-paper 
showed an alkaline re- 
action. 



Inference. 



Absence of volatile ai 
fusible substances ai 
of water of dystaUie 
tion, &c. 

Probable absence of ^ 
Ka, Ba, 8r, Ca, Co, A 



Absence of alkali salt* 



Presence of Ba, Sr, O 
Mg. 
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Examination of the solution. 

To a portion of the HCl solution added HgS- water; no 
precipitate: — Absence of Group II, 

To another portion of the HCl solution added AmCl and 
AmHO in excess; a white flocculent precipitate. Then 
added AmgS, the colour of the precipitate was unchanged. 

To a few drops of the HCl solution added KHO drop by 
drop, until a white flocculent precipitate formed; then 
added excess of KHO and boiled, the precipitate did not dis- 
solve, and it did not become discoloured in the air : — Pre- 
sence of Ba, Sr, Ca, Mg as phosphate, oxalate, dhc. 

Added a drop of the original HCl solution to some 
AmHMoO^ solution in a test-tube, and warmed gently; a 
yellow precipitate : — Presence of PO^ . 

To another portion of the cold HCl solution added AmHO 
drop by drop whilst constantly stirring, until a precipitate 
formed which did not redissolve ; then added HA and NaA 
solution until this precipitate dissolved when the liquid was 
well shaken. FcgClg was added until the liquid appeared 
red, it was then boiled and immediately filtered. To the 
filtrate AmHO was added in excess and the precipitate 
filtered oflf, then AmgCOg was added; a white precipitate 
formed : — Presence of Pa, Sr, or Ca. 

Filtered, and dissolved the precipitate by pouring upon it 
a few drops of boiling HCl. Dipped a loop of platinum wire 
into the solution, and held it in the Bunsen flame ; a red 
flame appearing dingy green through the indigo prism : — 
Presence of Ca, 

A few drops of the solution boiled with CaSO^ gave no 
precipitate, proving the absence of Ba and Sr. The presence 
of Ca was therefore confirmed by the formation of a precipi- 
tate on adding to the rest of the solution excess of AmHO 
and then AmgCgO^ . 

Found Ca, PO^ , 



E. A white odourless powder given for analysis. 
Boiled a portion of the substance with water, it did not 
dissolve. Added HCl and heated again, it dissolved com 
pletely (absence of Group I.) and without effervescence. 

P 
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Preliminary Examination. 



Experiment. 


Observation. 


Inference. 


1. Heated a portion in a 
small dry test-tnbe. 

2. Held a portion of the 
substance on a loop of 
platinum wire in the 
Bunsen flame ; then 
moistened with HCl 
and again held in the 
flame. 

8. Heated on charcoal in 
mner blowpipe flame. 


The substance blackened 
slightly ; it evolved CO, 
which turned a drop of 
lime-water milky. The 
residue in the test-tube 
effervesced with HCl 
whereas the original 
substance did not. 

A red coloration, appear- 
ing dutiky green through 
the indigo-prism. 

A white luminous mass 
remained, which when 
moistened on red lit- 
mus paper turned it 
blue. 


Presence of an organic 
salt of E, Na, Ba, Sr, 
Ca,orMg. 

Presence of Ca. 

Presence of Ba, Sr, Ca, 

orMg. 



Examination for the Metal. 

Added to a portion of the HCl solution strong HgS- water. 



No precipitate : — 

Absence of 

Group II. 



To another portion of the HCl solution added 
AmCl then AmHO in excess, a white precipiUUe 
formed ; added AnigS, the colour of the precipi- 
tate remained unaltered. 

To another portion of the solution added EHO 
drop by drop until a precipitate formed, then 
more KHO and boiled ; a white precipitate in- 
soluble in KHO, and not darkening in the air ; 
— Presence of oxalatey phosphaUy i&c., of oUkcUine 
earths. 

Since the presence of an oxalate of an alkali- or alka- 
line earth-metal was indicated in the preliminary 
examination, a portion of the original substance 
was heated on platinum foil, then dissolved in 
HCl (effervescence) and to the solution excess of 
AmHO and of AmgCOj was added. The liquid 
was warmed and put aside till the precipitate 
subsided, then the liquid was decanted and the 
precipitate dissolved in a few drops of HCL 

A platinum wire dipped into this HCl solution 
gave a red fame coloration, appearing dusky" 
green through the indigo-prism : — Freaenee ^ 
Ca. [Confirmed by another portion of Ihis HQl 
solution giving a white precipitate with 
of AmHO and AmjC804 .] 



OF A SIMPLE AXALT8IS. 
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The presence of G2O4 was confirmed by heating some of 
the original substance with strong HgSO^ : gases were evolved 
which rendered milky a drop of lime-water and burnt with 
a blue flame, showing presence of COg and CO : — Presence of 

Found Ca^ C^O^. 



F. A yellow metallic-looking substance given for analysis. 
Preliminary Examination. 



Experiment. 


Observation. 


Inference. 


1. Heated a portion of 


A yellow sublimate 




the substance strongly 


formed which melted 




in a small tube closed 


into brown drops: a 




at one end. 


smell of burnings was 
evolved, and a piece of 
paper dippea into 
KjCrsO* solution when 
placed in the mouth of 


















the tube became green. 


Presence of 8. 




A brown residue left. 


Probable presence of Fe . 


2. Heated strongly on 


Strong smell ofbuming S. 


Presence of S • 


charcoal in the inner 


The residue fused into 




blowpipe flame. 


a dark-coloured glo- 
bule, which when cold 
was strongly attracted 






by the magnet. 


Probable presence of Fe 


3. Heated a fragment 


A gas was evolved which 




strongly in a glass tube 


had a suffocating smell. 




open at both ends. 


and which turned 




and held obliquely 


KjCrjOj paper green. 


SO2 from combustion of S 


in the flame. 







Solution of substance. 

Warmed the powdered substance with a mixture of strong 
HNOg and HCl, it dissolved completely ; boiled down in an 
evaporating dish, adding strong HCl several times; when 
nearly dry, diluted with water. 

Examination of the solution for the Metal. 

Since the substance dissolved entirely in the presence of 
HCl, Group I. is absent ; to a portion of the solution added 
HgS-water : — 
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The solution be- 
came colourless, 
and white S was 
precipitated : — 

Prohcbble presence 
qf a ferric salt. 



To another part of the solution added AmCl, then 
excess of AmHO, a brown flocoulent precipitate 
formed : to a fresh part added excess of EHO, 
brown flocculent precipitate insoluble in EHO, 
Freserice of Fe'" . 

Confirmed the presence of Fe by adding to a fresh 
part of the original solution KCyS solution, a 
blood-red solution : Presence of Fd . 



Confirmed the presence of S by adding to a part of the 

original solution £aCl2, a white precipitate formed which did 

not disappear on boiling : — Presence of 80^ derived from 

oxidation of sulphur. 

Found Fe, 8. 



G. A white powder given for analysis. 

Boiled a small portion with water, it did not dissolve. 
Boiled another portion with HCl, it did nob dissolve: 
added Hl^TOg and heated again, the substance was not 
dissolved. Hence the substance is insoluble in water and 
in acids, and since it is white, it can only be BaSO^, SrSO^, 
(CaSOJ, PbSO^, (PbCy, AgCl, SiOg, AlgOg, SnOg, SbgO^, 
or CaFg. 

Poured AmgS upon some of the substance : its colour was 
unchanged, p^vbable absence of Fb, Ag, 8n, 8h, 

Preliminary Fxamination, 



Experiment. 



1. Took some of the 
powder up with a loop 
of moist platinum 
wire, ignited it 
strongly in the inner 
blowpipe flame, mois- 
tened it with HCl, 
and held in the Bun- 
sen flame. 

2. Fused a portion with 
Na2C03 on charcoal 
in the inner blowpipe 
flame, placed the 
coolea mass on a 
bright shilling, and 
moistened it with a 
drop of water. 



Observation. 



A yellowish green color- 
ation. 



A black stain on the 
coin. 



Inference. 



Presence of 6a. 



Presence of S. 



or A snCPLE ANALYSIS. 
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^iiDOBmaHon of ihe wlutum. 

f^QflBdsome of the powder with fusion mixture on platinum 
foil: Wiled the cold mass with water, filtered. 

^^i^irate: made acid with HCl and added BaCL>, a white 
piecipitate, which did not disappear on boiling the liquid : — 

^ residue on the filter was well washed with boiling 
water, and boiling dilute HCl poured upon it, it dissolved 
completely : — 



ilmnceof 
Gnrapi. 



To a portion added strong HjS-water and heated 



No preci- 
pitate. 
Absence of 
Group II. 



To another portion added AmCl, then AmHO in excess, 
then AmjS, and boiled : 



No preci- 
pitate. 
Absence of 
Group m. 



To another portion of the original solution 
added AmCl, AmIiO, and AmjCOs : 



A white precipitate : Presence of Ba, Sr, 

or Ca . 
A platinum Mire loop dipped into the 

original solution gave a yellowish-green 

tint to the Bunsen flame : 
Presence qf Ba . 



Found Ba, SO^ . 



SECTIOI^ YI. 



FULL ANALYTICAL COURSE AND TABLES. 



INTRODUCTORY REMARKS. 

After the reactions in the fourth Section have been tried, and the 
student has learnt how to detect the members of each group occurring 
singly or together, substances containing any members of any or all 
of the groups should be analysed. The substance given for analysis 
by the following tables should be either a liquid or a solid. Some 
hints, which will suggest the method of analysing a gaseous mixture, 
will be found on page 42. 



Preliminary Examination op Complex Substances. 

374. Before proceeding to employ the full course of 
analysis for substances of complex composition, it will be 
well to examine a few substances for metals and acid-radicles 
by the preliminary tables given in paragraphs (383, 384, 
385 et seq,). For a detailed account of any of these tests 
the student must refer back to the description given of it in 
the fourth Section. 

375. A little study of these Tables (388-415), will show 
that they contain certain principal tests marked thus — 
" Exp. I." These stand in the first column. In the second 
column are placed the results which may be noticed oi 
trying these experiments ; a glance through these will fort 
warn the student of what has to be looked for. The maf 
classification of the observations which may be made is i 
dicated by large-type letters; the subsidiary divisions f 
marked by small numbers and italics ; and the individ' 
results are simply placed in succession in a vertical colui 
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Occasionally an observation is made which it is advisable 
to confirm by an additional experiment. This ccmfirmatory 
test is then entered in the first column just below the original 
observation, and is marked Confirmatory to distinguish it 
from the main experiment ; its results are placed beside it in 
the second column. The student must understand that any 
of the results entered in the second colunm may be obtained. 

A few salts and mixtures, such as those mentioned in 
(560), should be subjected to a careful preUminary examina- 
tion by the student. The results should he carefully entered, 
as soon as they have been obtained, in the tabular form, as is 
shown in (488). 

Full Examination op Substances in Solution. 

After having become familiar with the preliminary exami- 
nation of solid substances, the student should fully analyse 
some easy substances containing only a few metals and acid- 
radicles. A beginning is made at paragraph (385), and after 
finishing the preliminary examination, the substance is dis- 
solved, and a systematic examination of its solution is made. 
In examining the solution for metals the following general 
explanation should be attended to. 

376. It is necessary first to separate the metals into groups 
by adding the group reagents in such order that each pre- 
cipitates the metals of one group only, leaving in solution 
the metals of all other groups which may be present. 

This is effected by adding the group reagents in the order 
directed in the General Table (419). The Group Table on 
pages 190, 191, furnishes a convenient explanation of this 
scheme. 

The first reagent added is HCl, which precipitates only 
the metals of Group I., and leaves the metals of Groups II., 
III., IV., and V. in solution. Hence if a precipitate is 
obtained on adding excess of HCl, it is filtered off; any 
member or members of Group I. will then be present upon 
the filter, while the members of all other groups remain in 
the filtrate. 
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On passing H^S into the filtrate*, metals of Group II. 
alone will be precipitated and may be filtered off. 

The filtrate*, after removal of HgS, and oxidation of any 
Fe by boiling it with HNO3, may be mixed with AmCl and 
excess of AmHO. The AmHO will precipitate any members 
of Group III.A. ; Group III.B. and Mg remaining dissolved 
by the AmCl. 

The addition of AmgS to the filtrate* will then separate 
Group III.B. as sulphides. 

Group IV. is precipitated from the filtrate* by the last 
group reagent, AmgCOg . 

The filtrate* is examined for Group V., the members of 
which, not being precipitated by any group reagent, may 
now be present in solution. 

377. Addition of reagents in excess. — Each group must be 
completely precipitated before adding the next group reagent. 
Hence it is necessary, if any precipitate has been formed by 
a group reagent, to add that reagent in excess before pro- 
ceeding to add the next ona Unless the presence of each 
reagent in excess is made certain before proceeding, much 
confusion may be caused. 

The general laethod for ascertaining that a group reagent 
is present in excess consists in adding a few drops more of 
it to the clear liquid ; the liquid being rendered clear either 
by filtration or by letting the precipitate settle. If any 
further precipitate is formed, the whole of the liquid should 
be well stirred with more of the reagent, and the clear filtrate 
again tested in the same way. This process must be re- 
peated until no further precipitate is caused. 

In certain cases this method of proceeding is rendered 
unnecessary, since the excess of a reagent is detectable by 
its smell, after the solution and reagent have been well mixed, 
and the air above the liquid has been blown out. This is 
the case, for example, with HgS and with AmHO. In other 
cases, as for example with yeUow AmgS, the excess is seen 

* Or solution, supposing no precipitate to have been obtained, and 
'Uration therefore to have been unnecessary. 
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>y the colour of the filtrate. If, however, an acid or alka- 
ine substance is to be added in excess, the student should 
Jwajs prove the excess by the use of test papers. 

878. Washing group precipitates. — ^Before examining each' 
proup precipitate, it is necessary that it should be washed 
ihoroughly from adhering solution, as is described in Exp. 
>2 (31). This must also be done in the separations by 
iltration described in the Group Tables. If the washing 
las not been satisfactorily carried out many complications 
nay arise. 

379. Evaporation before precipitating the Third Group. — 
2lertain organic substances hinder or prevent the precipita- 
iion of the members of Group III.a. by AmHO. These sub- 
stances are usually detected in the preliminary examination, 
[f they have been detected, it is necessary to destroy them 
by evaporation and ignition before proceeding to precipitate 
Grroup III. 

Evaporation to dryness and gentle ignition are also neces- 
sary to separate SiOg, which, if it remained in solution, might 
be mistaken for AlgH^Og. 

But if organic substances, borates, fluorides, and silicates 
Eire known to be absent, it is sufficient to boil the filtrate 
from Group II. until it has no smell of HgS ; a few drops of 
ng HNO3 are then added, and the boiling is continued 
for several minutes, in order to completely remove HgS and 
to convert ferrous into ferric salts. 

The separation of the subgroups III.A. and III.b. in the 
general Table (419) is never complete. For an accoimt of 
more exact methods than are given in that Table, the student 
is referred to paragraphs (469 et seq,). 

The method of examining the precipitates in Group III. 
may also be influenced by the presence of a phosphate in 
the solution : this is fully explained in (463). 

380. It will be seen that the fuU course of analysis is so 
arranged that it serves not only to detect what is present in 
a substance, but also to prove that all else is absent. This 



234 ANALYSIS OF COMPLEX SUBSTANCES. [380. 

is usually the object in view when analysing an unknown 
substance. 

The process may in most cases be shortened by using 
separate portions of the solution. The plan adopted in the 
general Table of working throughout with the whole of the 
solution is however preferable, since it enables the analyst 
to form an opinion as to the relative quantities of the different 
substances present ; and this is usually important. 

An example of entry of results is given in (488); it will 
be seen that the form adopted is that of the Analytical 
Tables. 

Substances for analysis are mentioned in (560, 561). 

The student will do well at first to gain much experience 
in the analysis of easy mixtures, which are completely soluble 
in HCl and contain no cyanogen, organic salts, silicates, or 
phosphates precipitable in the Third Group. The analysis 
will thus be much simplified, since it will be unnecessary to 
evaporate the filtrate from the second group to dryness, or 
to follow any special method of precipitating and examining 
Group III. 

When the ordinary course of analysis has been mastered, 
substances should be attempted in which the above compli- 
cations exist: and finally minerals, water residues, and 
artificial products and bye-products should be analysed, in 
which minute traces of their constituents are carefully 
looked for. 

It will be unnecessary to do more than mention the ex- 
treme importance of the spectroscope in rapidly discovering 
certain substances, especially when they are present in 
minute quantity only (42). 



AI^ALTTIOAL TABLES. 



]tBNBRAL COURSE OP ANALYSIS FOR 
SOLID AND LIQUID SUBSTANCES. 



^81. Unless cyanogen is known to be absent, it must be 
bed for in a small portion of the substance by the tests 
cribed in (304, 306). If cyanogen is detected refer to 
2 et seq.) for the preparation of the solution and the 
bhod of analysis. If cyanogen is not present, the sub- 
ace is examined by (383, 384) or by (385 et seq,) accord- 
as it is a liquid or a solid. 

182. A silicate may also be tested for by fusing some of 

finely powdered substance in a bead of microcosmic salt 

4). If a liquid is being examined, a portion of it is 

porated to dryness, and the solid residue is then examined. 



rHE SUBSTANCE FOR ANALYSIS IS A LIQUID. 

^83. Test it with blue litmus paper, and with either red 
Qus or turmeric paper : one of the following results will 
obtained (34) : — 

, It is Tieutraly not changing the colour of either paper : this shows 
absence of acids and alkalis and of salts with acid or alkaline 

tion. The salts of Ag and Mg and certain salts of Am, Na, K, Ba, 

and Ca are the only neutral soluble salts. 

, It is acidf turning blue litmus red : this proves the presence of 

icid, or of a salt with acid reaction. 

, It is alkalinej turning red Utmus blue, or turmeric hrown: 

Seating the presence of Am, Na, K, Ba, Sr, or Ca as hydroxide, or 
salt with alkaline reaction. 
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384. Evaporate a few drops of the liquid upon platinum 
foil, thin glass, or porcelain, smelling it occasionally : — 

1. A residue is left. — Examine the liquid by the further preliminary 
tests in (334) : or evaporate a portion of the solution to dryness in a 
porcelain dish, avoiding heating the substance after it is dry, and 
examine the residue by the preliminary tables for metals and acid- 
radicles (385-417). Examine the larger part of the solution for metals 
by the general Table (419) paying attention to (420); reserve the rest 
of the solution for the examination for acid-radicles by (440 et seq,). 

2, No residue is left. — The liquid must consist of some valatile 
substance, probably of water. This is either pure, or it contains certain 
gases or volatile substances such as (NH4)2C08 , CO2 , NH3 , HCl , Br. 
These may be detected by their smell, by the action of the liquid on 
litmus paper, or by special tests, see page 42. If the liquid has no 
action on litmus, no smell, leaves no residue on evaporation and is 
tasteless, it is pure water. 



11. THE SUBSTANCE FOR ANALYSIS IS A SOLID. 

385. Carefully note the appearance of the substance. If 
it is lustrous and metallic, refer to (467) for the method of 
analysis; if it is non-metallic in appearance, proceed to 
further examine the substance as follows. 

Note down anything that can be learned about the physical 
properties of the substance by the use of the senses, aided 
by a magnetised penknife blade and a lens or microscope. 

Note especially whether the substance consists of more or 
less sparkling particles with similar geometrical shape, when 
it is said to be crystalline; or 'whether the particles are 
amorphous and irregular in shape. 

Also test the hardness, by ascertaining whether it is 
readily powdered ; or, if the particles are sufficiently large, 
by finding the ease with which they are scratched by the 
point of a penknife. Very hard substances, such as quartz, 
cannot be scratched by a knife. 

Try whether it is magnetic by immersing the tip of a 
magnetised blade into the finely powdered substance, and 
seeing whether the particles are attracted. Fe and certain 
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of its compounds are the most powerfully magnetic bodies 
known, but Mn, Ni, Co and certain of their compounds are 
also magnetic. 

Note also whether the substance possesses any charac- 
teristic smell or colour. The following are some of the 
more commonly occurring coloured compounds : — 

Blue : hydrated cupric salts, and anhydrous cobalt salts. 

Green : certain Fe" salts are pale green ; CUCI2 , salts of Ni, man- 

ganates, and certain compounds of Cr, are intense green. 
Yellow : HgO, normal chromates ; Fe'" salts are brownish-yellow. 
Eed : HgO, Hglj , HgS, Pb804 ; dichromates are orange-red. 
FiTik : salts of Mn are delicate pink ; hydrated salts of Co are 

reddish-pink. 
Brown : Fe^Oa , PbOg ; PbO is light brown. 
Black: CuO, MnOg, SbaSg , FeS. 

WTiUe : anhydrous salts of Cu and Fe", and many other substances. 
Colourless : a large number of colourless sabstances are known ; 

these, as well as many of the faintly coloured bodies, yield 

white powders when crushed. 

386. After completing the above examination, the solid 
substance is reduced to the finest powder possible by rubbing 
it in the mortar. An ordinary Wedgwood mortar may be 
used for powdering substances which are pretty soft ; but 
hard rocks and minerals frequently require to be first 
crushed in a clean bright steel mortar, by blows of a 
hammer, and to be afterwards pulverised in an agate 
mortar. 

The subsequent chemical examination of the substance 
is very greatly facilitated by carefully reducing it to an 
impalpable powder, which does not feel gritty when rubbed 
beneath the pestle or between the fingers. 

387. A portion of this powder is submitted to the tests 
described in the following preliminary examinations for 
metals and acid-radicles : the remainder being reserved for 
the fuller method of examination by solution (418 ee seq.). 
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PBBLIMINARY EXAMINATION 



[388, 889. 



Experiment. 



388. Exp. I.— Heat a 
small quantity of the 
substance in a small 
test-tube or piece of 
hard glass tubing drawn 
off at one end. 



Observation. 



A. The substance does not change. 



B. 



Confirmatory. — The subli- 
mate is carefully exa- 
mined, if necessary, with 
the aid of a lens. 



389. Confirmatory. —"R^Bi 
another portion of tlie 
substance, mixed with 
about three times as 
much Na^COs in flue dry 
powder and a little KCy, 
in a tube closed at one 
end (147). 



The substance changes. 
1. It changes colour: — 



i* 



*t 



wMtef cold 
yelloto 
yellow 
red- ) 
hrovmS " 



9* 



YMoWf hot. 

Yellow, brown „ 
Yellow-brown 
Dark red or ) 
hlaek \ 
The substance blackens — 

a. Emitting a smell of burn- 

ing. The black carbon 
may be burnt off by 
strongly heating on pla- 
tinum foil with the blow- 
pipe flame. 

Smell of acetone. 
Smell of burning sugar. 

b. Emitting no smell of burn- 

ing. The colour is not 
removed by ignition as 
under a. 



Inference. 






Absence of orgamic 
substances whidi 
blacken and give oS. 
a smell of burning; 
of volatile sub- 
stances which sub- 1 
lime ; of substances L 
which are altered K 
by ignition; and of 1 
water combined 1 
with or absorbed ^ 
by the substance, 
which would be 
evolved as steam 
and form drops on. 
the side of the tube. 



2. It fuses, and becomes 
again on cooling. 



solid 



3. It sublimes. 

White, crystalline (sparkling) sub- 
limate. 

White, non-crystalline sublimate. 

Black sublimate, becomes red 
when rubbed. 

Yellow sublimate. 



Sublimate of ^reddish drops, ) 
which are yellow when cold, f 

Violet vapour, cooling to blackish 
crystals. 

Grey mirror, which, when rubbed 
with a splinter of wood or a 
glass rod, or when examined by 
a lens, is seen to consist of glo- 
bules of Hg. 

Blackish-brown shining mirror, 
and smell of garlic ; no globules. 



ZnO. 
PbO. 
SnOsorBi^s. 

EesOs. 

Presence of organic 
matter. 



An acetate. 
A tartrate. 
Probable presence 
Co- or Cn-salts. 



Salts of alkaUs or cer- 
tain salts of tbe 
^kaline earths. 



Compounds of Am,As, 
Hg; or frees or I. 
HgCls, AssO^ 

Probably Am-salt 
HgS. 

TAsoSs . 

•j Hgl«, becomes sctr* 

( let when robbed. 

S free or from certain 

polysulphides. 
Presence of I . 



Presence of Hg. 



Presence of At . 
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Experiment. 



&0. Confirmatory.— Pout 
cfc little strong KHO solu- 
"^on npon some of the 
substance and heat to 
~fcoiling; or mix some of 
-f^e substance with soda- 
lUme in a mortar, and 
moisten and heat. 



^91. Confirmatory. — Exa- 
mine the drops of water 
on the sides of the tube 
with blue and red litmus- 
papers. 



^ "92. Confirmatory. — In- 
troduce a burning splin- 
ter of wood into the 
tube. 

^93. Confirmatory. — In- 
troduce a glass rod, 
moistened with lime- 
water, into the tube. 



^94. Confirmatory. — In- 
troduce a glass rod or 
slip of paper moistened 
withKtCraOy. 



395. Confirmatory. — In- 
troduce a glass rod car- 
rying a piece of moist 
litmus. 

396. Confirmatory. — In- 
troduce a glass rod with 
moist starch powder on 
its end. 



Obsenration. 



NH3 is given off, known by its 
smell and by turning moist red 
litmus-paper blue or turmeric- 
paper brown; the change in 
colour is only a trustworthy in- 
dication if it occurs very soon, 
as the NH3 in laboratory air 
often causes it to occur after a 
time. 



4. The substance gives off toater. 

It fuses first, then gives off water, 
and again becomes solid if the 
heat is continued. 

It swells up considerably whilst 
giving off its water. 

The water is alkaline. 

The water is acid. 



5. Oas or vapour is given off*, 
a. It is Without smeU. 

It bums more brightly, and if in- 
troduced with a spark at the end 
is inflamed. 

The flame is extinguished. 

The lime-water turns milky. 

The lime-water does not turn 
milky, but the flame is ex- 
tinguished (392). 



Inference. 



b. The gas or vapour has a smeU. 

Smell of burning S. 

KjCraOj turns green; moist 



The 



blue litmus is ^so reddened by 
the gas. 



Reddish-brown nitrous fumes are 
given off, known by their pecu- 
liar smell, and by not colouring 
starch paste orange red. 

Smell resembling CI : — 



Yellowish gas, 
moist litmus. 



which bleaches 



Brown vapour, which colours the 
moist starch powder orange red. 

Violet vapour, which colours 
starch solution blue. 

NHj is smelt. 



Presence of NH4. 



Presence of water, ab- 
sorbed or combined. 

Water of crystallisa- 
tion. 

Borax and certain 

borates, alums, and 

phosphates. 
Probably NH4-com- 

poundis. 
Presence of volatile 

acids, e.g., HNOs, 

HCl, H2SO4 . 



from chlorates, 
nitrates, peroxides, 
&c.; or possibly NjO. 

OO2 or N . 

CO2 from carbonates, 
oxalates, <&c. 

N from AmNOs pro- 
bably. 



SOo from combustion 
01 free S, or from acid 
sulphites, thiosul- 
phates, reduction of 
sulphates or oxida- 
tion of sulphides. 

Nitrates of heavy 
metals (e.g. of Pb, 
Bi, Hg. Ac.) 



CI from certain chlor- 
ides. 



Br from certain bro- 
mides. 

I, free or from certain 
iodides. 

NH4 or cyanogen com- 
pounds. 



♦ This will usually be shown by effervescence of the substance; if the gas or vapour is 
ot detected by its colour or smell, it can only be fbund on testing for it specially by (892) 
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[897-899. 



Experiment. 



397. EXP. II. -Dip a 
moistened loop of pla- 
tinum wire, which gives 
no colour to the Bunsen 
flame, into the sub- 
stance, and hold the 
loop with the adhering 
powder near the top of 
the Bunsen flame, or in 
the inner blowpipe 
flame. Then moisten 
with a drop of strong 
HCl and heat again. 
Continue the heating 
until no further change 
occurs in the colour of 
the flame. 

The flame coloration 
should also be carefully 
examined by means of 
the spectroscope (42). 

Note. If silicic acid is 
present, the colorations 
for K and Na usually show 
only after ignition of the 
powdered substance with 
powdered CaS04. 



Observation. 



398. Exp. III.— Heat the 

finely powdered sub- 
stance in a small cavity 
scooped in a piece of 
wood-charcoal, in the 
blowpipe flame. 



399. Confirmatory. — De- 
tach a portion of the cool 
residue from the char- 
coal, place it upon a 
piece of red litmus- 
paj)cr, and moisten with 
a drop of water. 



e. Thegas can h9 tgnitsd, and burnt 
at the mouth of the tube with a: — 
Pale yeUotrish green flame, more or 
less explosive. 

Bright tDhite flame, producing 
white fumes; the unbumt gas 
smells of garlic. 

Peach-blossom coloured flame. 



A. The substance coloon the 
flame: 

1. Intense yeUow, 

Examine the flame through 
the indigo-prism; a crimson 
colour is seen. 

2. Pale violet, crimson {hrough ) 

the indigo-prism. ) 



3. TeUoufish green. 



4. Crimson, same through the) 

indigo-prism. ) 

5. Orange red, dingy green) 

through the indigo-pri^n. ) 



Infflrtnoo. 



1 



NHt probably from 
Btronigly heated 
NH4NO,. 

PHt probably from a 
hyi>opho8phite. 



Cy from a cyanide, 
probably from 
HgCy,. 



6. 



Bright green. 

A blue colour is seen after 
moistening with strong HCL 



«^-{£f„T- 



B. The substance does not colour 
the flame. 



A. The substance decrepitates, or 
crackles. 

B. The substance deflagrates, or 
causes charcoal to bum rapidly. 

0. The substance fuses easily, and 
is absorbed by the charcoal, or 
forms a liquid bead. 

D. An infusible residue is left on 
the charcoal: — 



1. The residue is white and very 
luminous. 



The paper turns blue, showing tbe 
reddue to be alkaline. 



Na. 

Presence of E or Sr, or 
both. 



Ba probably. 

Sr. 

Ca. 

CuorBfOa. 
On. 

CuCU, CuBrf. 
As, Sb, Pb. 



Probable absence <rf 
the above. 



NaCl and certain oUmt 

c^nstalline salts. 
Chlorates, nitntai, 

Salts* of alkalis and 
certain aalts of tiM 
alkaline earths. 



Probably BaO, SiO^ 
CaO, MgO, Al^ 
ZuO(orSiOi) 



BaO, SrO» CaO, 
possibly KgO. 



od 
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eut. 



ory. — ^Mois- 
lue on the 
n cool with 
of Co(N03)2 
heat again 
the outer 
ne. 

tory. — ^Heat 
itity of the 
a clear co- 
c bead, first 
then in the 
>e iiame. 



itory, — The 
Vfn and Cr, 
iflrmed by 
substance 
, and KNO3 
toil. 



tory. — Heat 
( the sub- 
I or covered 
3d KCy and 
£2^204, on 
the inner 
ae. 



atory.—De- 
of the glo- 
he point of 
strike them 
m of an in- 
j* with the 
jy flatten to 
are malle- 
ished to a 
are brittle. 
a globule, 
point of a 
paper. 

appearance 
Lty of one 
il is fre- 
altered by 
! another. 



Obsenration. 



A blue residue, the colour of which 
does not disappear with intense 
heat. 

A pink residue. 

A green residue. 



2. T?ie residue is coloured. 
Colour of bead : 



In outer flame. 
Oreen, hot, and ) 

bltie, cold. j 
Blue, hot and \ 

cold. ) 

Violet, hot, and ) 

yellow, cold. ) 
Broum-red, hot : \ 

yeUoto, cold, f 
Green, hot and 

cold. 
Reddish purple, 

hot and cold. 



In inner flame. 
Colourless, or \^ 

red, cold. ) 
Blu£, hot and \ 

cold. ) 

Orey or opaque. 

Olive gr€en,YiQt\ 
and cold ) 

Green, hot and) 
oold. 1 

Colourless, hot \ 



and cold. 



Light-yellow mass on cooling. 



Blue-green mass on cooling. 



Infer^ice. 



3. The residue is coloured, or me- 
tallic scales or globules are seen. 

The substance is reduced to the 
metallic state. (See 407.) 

a. Without incrustation. 

Brilliant white metaL 
Yellow metal. 
Red scales or globules. 
Grey powder, attracted by a 
magnetised knife-blade (407). 



b. With incrustation. 



Globules. 
White, malleable, 
not marking 
paper. 

White, brittle. 

Jfhite,mdlleaMe, 
marking paper. 

White, brittle, 
giving white 
fumes. 

White or none. 

White or none. 

None. 



Incrustation. 
None, or very 
slight. 



Orange, hot. ) 
Yellow, cold, f 
Yellow, hot and 
cold. 

White, close to 
substance. 



Yellow, hot. ) 

White, cold. f 

Red-brown,e&&ily 

volatilised. 
White, and white 

fumes ; smell 

of garlic. 



Al208> and some phos- 
phates, silicates, 
and borates. 

MgO. 

ZnO. 



Cu. 
Co. 
Ni. 
Fe. 

Cr. I 
Mn. j 

Cp. 



See (402). 



Mn. (See 406.) 



Au, Ag, Cu, Pb, Sn« Sb, 
Bi ; [Co, Xi, Fe, Mn, 
form grey powders]. 

Au, Ag, Cu, Co, Ni, 
Fe,Mn. 

Au. 
Cu. 

Fe, Co, Ni, Mn. 



Sn. 



Bi. 
Pb. 

Sb. 



Zn. 
Cd. 

As. 



.'1': 



■il 
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[405-409. 


Experiment. 


Observation. 


Inference. 1 


405. Exp. IV. — Fuse 
some of the substance, 
mixed with Ka^OO*, on 
charcoal in the inner 
blowpipe flame produced 
fnnn a spirit-lamp; re- 
move the fused mass 
when cold, place it on 
a bright silver coin, 
moisten with a drop of 
water, and let stand for 
several minutes. 


On rinsing off the substance, the 
coin is found to be stained black 
(228). Alflo, if a drop of HCl be 
placed upon the mass, a smell of 
HqS is perceived, and lead-paper 
is blackened. 


Presence of S, free or 1 
combined. 1 

Note. — Since this- 
reaction serves t4> 
detect S and solphur^ 
acid-radicles, it mor» 
properly belongs Up- 
the Freliminaiy ISx— 
amination for acid- 
radicles : it is, however^ 
best tried here. / 



Notes to the preceding Preliminaey Table. 

406. The green colour produced by Mn conceals the light yellow 
due to Cr ; on boiling the residue with water it gives a pink or purple 
solution, the colour of which is best seen on filtering : this colour is due 
to the formation of KMn04, and shows Mn to be present. On acidifying 
this solution with HA and boiling again for several minutes, the purple 
colour is destroyed ; and on filtering, the yellow colour due to Cr la 
seen : the presence of Cr may be further confirmed by the formation 
of a yellow precipitate in the acid solution on addition of PbA, . 

407. The metal is best separated and examined by detaching the 
mass when cold from the charcoal, and powdering it by crushing in a 
mortar or on a watch glass with a little water, letting stand for a short 
time, and then quickly pouring off the water down a glass rod or 
pestle which is wetted and pressed against its edge ; by several times 
repeating this operation, the heavier metallic particles alone are left in 
the mortar or watch glass (40). 

409. Note. — When the substance to be examined contains aeyenl 
bodies, they frequently more or less mask one another's reactions: thus 
Co if mixed with Fe will give a bead green whilst hot and blue when 
cold, thus resembling Cu, but differing in remaining blue in the inner 
flame: hence the composition of many complex mixtures is only roughly 
indicated by the Preliminary Examination, and must be confirmed and 
established in the wet way. Many substances, more particularly 
minerals, however, can be completely analysed by a careful Preliminary 
Examination. 



410, 411.] 



OF A COMPLEX SUBSTANCE. 
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PRELIMINARY EXAMINATION FOR ACID- 
RADICLES. 



410. The substance is required for this examination in the 
state of powder or of strong solution. 

If the substance given for analysis is a solution, part of it 
may be evaporated to dryness : the dry residue is then finely 
powdered and subjected to the following tests. If several 
aoid-radicles and metals are present, the reactions may be 
more or less perfectly concealed or altered, hence failure in 
obtaining a certain reaction does not in all cases necessarily 
prove the absence of an acid-radicle. 



Experiment. 


Observation. 


Inference. 


411. Exp. I.— Treat 
some of the sub- 
stance with dilute 
HCl and note the 
result, then heat 
moderately. 

Dip into the HCl solu- 
tion a strip of tur- 
meric paper. 


One or more of thefolUming 
gases itiay be evolved:— 

A colourless gas without 
smell, which turns milky 
a drop of lime-water on 
the end of a glass rod. 

A gas of suffocating smell, 
which turns a drop of 
K2Cr207 solution green. 

Yellow S is precipitated 
at the same time. 

A gas with fetid odour, 
w&ch blackens a drop of 

PbA2 solution, or a piece 
of lead-paper (416). 

Reddish fumes. 

A yellowish-green gas, of 
suffocating smell, whicli 
bleaches moist litmus 
paper, is evolved :— 

a. In the cold; and also 

evolved on adding HA. 

h. Only when heated. 

A colourless gas, smelling 
of bitter almonds. 


CO2 from a carbonate. 

SO2 from a sulphite, or 
from a sulphate in the 
presence of AS2O3 or other 
reducing substance. 

SO2 and S from a thio- 
Bulphate. 

H2S from a sulphide; or 
possibly from a sulphite 
or thlosulphate, if Zn or 
other reducing agent be 
present. 

N2O3 from a nitrite. 

CI from hypochlorites. 

CI from action of HCl on 
oxidising substances, e.g.^ 
Mn02, chromates, ni- 
trates, chlorates, <&c. 

HCy from a cyanide. 


On drying this paper at a 
gentle heat, it becomes 
reddish-brown. 


Presence of a borate (283). 
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[412-414. 



Experiment. 



412. Exp. II. — Heat 
another portion gently 
with strong H2SO4. 
No attention need be 

paid to gases evolved in 

Exp. I. (411). 

Confirmatory.— Mix some 
of the substance with 
MnOa free from chlo- 
ride, add strong H2SO4 
and warm. 



413- Confirmatory.— Dto^p 
into the hot liquid a few 
small pieces of copper. 
If no brown fumes are 

seen proceed to (414). 

414. Confirmatory. — Boil 
some of the substance 
with water, or take some 
of the solution if a 
liquid ; cool, add about 
twice as much strong 
H2SO4, cool, and pour 
cold solution of FeS04 
carefully in upon the 
top of the acid liquid. 



Observation. 



1. A gas is evolved with 
pungent smell, which 
fumes in the air, and 
renders milky a drop of 
AgNOs solution made 
acid with HNO3. 

A yeUow gas is given 
off with strong smell, 
which bleaches moist 
litmus-paper (417). 

Brown vapour is given 
off, which colours a little 
moist starch powder 
orange-red. 

Violet vapour is given 
off, which colours a drop 
of starch paste blue. 

2. A heavy fuming suffo- 
cating gas is evolved, 
and the liquid behaves 
as if the glass were 
greasy: on rinsing out 
the tube, and drying 
it thoroughly, the in- 
side is seen to be cor- 
roded and dimmed. 

3. The acid fumes are 
reddish, usually seen 
only on heating after 
adding a few fragments 
of Cu. 

A* dark brown ring or 
layer forms upon the 
surface of the acid, 
best obtained on cool- 
ing the liquid by im- 
mersing the test-tube 
in cold water. 



4. The acid is coloured 
reddish-yellow, and a 
yellow gas is evolved 
which smells like CI 
and bleaches litmus : 
on heating the acid 
explosion or crackling 
occurs. Confirm by 
(252). 

5. The substance changes 
from yellow to green, 
being evolved as is 
shown by a glowing 
taper. 



Inference. 



HCl, HBr, m, HF* from 
chloride, bromide, 

iodide, or fluoride. 



Probably d from a 
chloride. 



Br from a bromide. 



I from an iodide. 

HF from a fluoride : con 
firm by (296). 
The HF acting upon the 
silica of the glass evolves 
SiF|, which is detected 
by holding a moistened 
glass rod in the gas; SiOx 
IS deposited as a gela- 
tinous film upon it. 

Presence of nitrate. 
If iodide is present it 
must usually be separated 
by CU2SO4 (266) before a 
nitrate can be detected. 



Presence of a nitrate. 



Presence of a chlorate. 

For detection of a ni- 
trate and chlorate when 
mixed, see (266). 



Presence of a chromate. 



'^ HF would render the drop milky by depositing Si02 from SiF4, formed by 
its action on the glass, but it is distinguished by corroding the glass. (Bee 
412, 2, note.) 
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E:q)eriment. 



415. Confirmatory.— Add 
a little alcohol to the 
substance and heat 
with H2SO4. 



Obseryatioii. 



6. Yellowish green gas, 
with suffocating smell, 
which bleaches moist 
litmus. 

7. The same gas as in 6, 
but coloured reddish 
brown by nitrous fumes : 
or coloured reddish 
brown by CrOClj. 

8. Substance does not 
blacken, but evolves GO 
which bums with a blue 
flame, and COj which 
turns a drop of lime- 
water milky. 

9. Substance blackens, 
and SO2 is smelt. 

10. A smell of acetic add 
or vinegar is noticed. 



Strong fragrant odour. 



Inference. 



Gl from a hypochlorite 
(detected already in 41 1), 
or from a chloride in 
presence of MnOj &o. 



A chloride in presence of 
a nitrate or nitrite. 

A chloride in presence of 
a chromate. 



Presence of an oxalate. 



Presence of a tartrate. 



HA from an acetate. 



Ethyl acetate from an 
acetate. 



Notes on the pbeoeding Table. 

416. The S present in sulphides which are not decomposed by dilate 
HCl, is detected by fusing the powdered substance with two or three 
times as much fusion mixture (NojCOj + KjCOg) in a covered crucible, 
boiling with a little water, and placing a drop upon a bright silver 
coin, when a dark stain will be produced ; or by adding excess of an 
acid to the solution, when HgS wiU be evolved. Smaller quantities of 
S may be detected by the formation of a black colour or precipitate on 
adding PbAg to the solution of the fused mass. 

417. Chlorides treated in this manner evolve CI, recognised by its 
colour, smell, and bleaching action on litmus-paper; but this test for 
chlorides is trustworthy only if the precautions stated in (259) are 
attended to, since many samples of MnO, evolve CI when warmed 
with HjS04 . 
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The preliminary examination must be followed by prepar- 
ing a solution of the solid substance, and submitting this 
to the more full and systematic examination, which com- 
mences in (419). This is often termed " The Examination 
"in the Wet Way." 

Process op solution. 

418. A portion of the solid, reduced to an impalpable 
powder (386), is boiled in a flask or, boiling tube with distilled 
water: if it dissolves entirely, proceed to (419). 

If the powder does not dissolve, allow the liquid to stand 
until the undissolved portion has in great part settled, then 
decant through a filter : the filtrate is solution I. : — 



Residue in flask: boil with dilute HCl (418a), allow any reddue to settl^ 
decant through the filter used above (418b); repeat this process and 
finally boil the residue with strong HCl, let settle, decant through the 
filter:— 


FUtraU U 
Solution IL 


Residue: heat with dilute, then with strong HNOa (418e) 
as was directed above for HCl: decant through the 
filter:— 


FUimteis 
Solution ni. 


Residue mav be warmed for a short time 
with a mixture of strong HNO^ (886a) 
with three times as much HCl ; if this 
does not dissolve it, dilute and decant 
the acid mixture through the filter: — 


FOirateis 
Solution IV. 


Residue: wash well with 
water, dry, and examine 
as directed (476 et wg.) 
for substances insolnlue 
in water and acids. 



Solutions I., II., III., IV. need not be examined separ- 
ately. Add to I. a few drops of dilute HNOg, and if no 
precipitate is produced (420) acidify it with HCl ; add also 
to solution III. some HCl. Any precipitate caused by HCl 
in these solutions is filtered off" and examined by Table I. 
The solutions I., II., III., IV. are then mixed together, and 
any precipitate produced by mixing them is examined by 
(475) as an insoluble substance. 

It is best to boil down solutions III. and IV. considerably. 
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arder to get rid of most of the HNO3 which they contain, 

ore mixing them with I. and II. 

rhe mixed solutions are then examined by (419). 



Notes on the process of solution. 

H8a. Any changes which occur on the addition of HCl 
'uld be noted down. Notice especially whether any gases 

given off. Many of these may be at once recognised by 
lir smell ; but a closer examination may be neglected, as 
y will have been already obtained in the preliminary 
kmination for acid-radicles (411). If the gases come off 
□a the aqueous solution on adding HCl, or on mixing the 
Jl and aqueous solutions, they must have been present in 
bs soluble in water, probably salts of alkali metals. If 

gases are evolved on treating the residue insoluble in 
ter with HCl, they were present in salts insoluble in water. 

tl86. On cooling the hot HCl solution, crystals often sepa- 
B. These usually consist of PbClg, rarely of BaClg. The 
stals are filtered off and dissolved in a little boiling water, 
is easily found by trying the flame coloration given by 
solution. The formation of a bright yellow precipitate, 
the addition of KgCrO^ to the solution, proves the pre- 
ce of Fb. 

if Pb has been found, and a residue is left after treating 
1 original substance with HCl, this residue, which may 
Lsist of PbClg, may often be dissolved by boiling it with 
ber, the use of HNO3 being thus avoided. 

1:18c. HNO3 seldom requires to be used in dissolving a 

)stance; and it should be employed, when necessary, J[[ 

y in very small quantity, since in the course of analysis !' * 

lecomposes HgS with separation of S, unless the solution V- 

lilute and cold (423), and thus hinders the precipitation t" 

Grroup II. ;. 

j 
f a complex solid mixture is given for analysis, and the only object .e 

3 obtain a solution as rapidly as possible, the substance may be at 

e boiled with aqua regia for a few minutes, then diluted and filtered. \ i 

) residue is examined as a substance insoluble in water and acids . i| 

5 et seq,). The filtrate is evaporated nearly to dryness, dilute HCl ■' ■, 

dded, and the solution is examined by the General Table (419). 
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419. GENEEAL TABLE FOE SEPAEATION OF 

«e lines If the substance for analysis is a liquid with neutral or alkaline reaction, it 

k across 

h pages, examined as directed below. 

In this Table, and also in the Group Tables which follow, it has been sup- 
precipitate will be produced when the reagent is added for its detection ; and 



Add to the greater part of the " original solution" * HCl ; if any precipitate is prodooed, 



The precipitate may con- 
tain— 

PbClg — tohite. 
AgCl — white. 
HgiCl*— wAtte. 

(See 422.) 



Examine the precipitate 
by Table L (433). 



Note.^When the hot HCl 
solution is cooled, PbCl2 
often separates in white 
crystals. The absence of 
Pb is not proved, if it is 
not precipitated in this 
group, as PbCl2 is somewhat 
sohible, and Pb may there- 
fore be found only in 
Group II. 



The filtrate or solution, which must give no further pred^ 
then diluted with water (425)^ unless it is already dilate; 
several minutes (426, 426 a) an.-^ filtered : 



The precipitate 
tain— 

'EgS— black 
PbS— Woe* 
BijSs — black 
Cu&— black 
Cd8— yellow 



may con- 



Insoluble 
in KHO 
and in 
AmjS. 






SnS— &row>n 

8n9v— yellow i Soluble 

Sh^s— orange I in KHO 

AS2S3 — yellow C and in 

[AU2S3— 52a^] } Am2S. 

[PtS2-*Zac*] 






Examine the precipitate at 
once by Table II. (435). 



Note 1.— Any precipitate 
formed on boiling the 
filtrate will have to be 
added to the above. 

Note 2.— Unless the liquid 
has been sufficiently di- 
luted some of the above 
metals may be afterwards 
precipitated by Am2S in 
Group III., and cause 
much confusion. 



The solution or filtrate is di- 
cipitated: as soon as H^ 
dish until it ceases to smoS 
and the residue gently ignited 
heated, then water is added; 

Add a few drops of the add 
tate shows. the pretenet €jf§ 

Add to the rest of the HCl aote- 
any precipitate which nuff 
(429): if a phosphatek 
phates are absent proceed u 

C^oe0.— Seferto 



The precipitate may 



CTzHot—light areen. 
'Ee2^0ff—reddi8h brown. 



Examine the precipitste tf 
Table IILa (436). 



Notes on the General Table. 

420. If the liquid under examination is alkaline or neutral in 
reaction, before commencing the examination by the General Table, 
HNO3 must be added in slight excess ; if no precipitate forms, proceed 
at once to examine the liquid by the General Table ; if a precipitate is 
produced, more HNOg is to be added, and the liquid heated ; ehould 



• By the " original solution " is meant the solution of the substance if 
a solid, or the substance itself if a liquid, to which no reagent has been 
added. 
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DALS INTO GEOUPS BY GROUP-EEAGENTS. 

res special treatment (420) ; if its reaction is cundf it may be at once 

that all metals are present : if a metal or group of metals is absent, no 
no filtration is necessary, the solution being then treated as a filtrate. 



le to add HCl as long as it causes any further precipitate (421), warm and filter: 



1 addition of several drops of HCl, is boiled down if necessary (428), and is 
len saturated with H2S by passing the gas through the solution* (534) for 



nd H2S is passed again into it, to make sure that Group n. is completely pre- 
es no further precipitate the clear solution or filtrate Is boiled in a porcelain 
(427), a little strong HNO3 is then added, and the liquid is evaporated to dryness 
dish. When the dish is cool, a little strong HCl is poured upon the residue and 
dissolved residue is filtered off (428). 

n to some AmHMo04 solution in a test-tube^ and warm gently ; a yellow precipi 
ate; if no precipitate is formed with AmHMoOi, phosphates are absent, 

mCl, heat it to boiling, then add 'AmHO in excess, boll again and filter off 
8 quickly as possible, keeping the funnel closely covered with a glass plate 
b and a precipitate is produced by AmHO refer to Table III.D. (4€6X if phos- 
jted below : — 

seq.\ for full directions for precipitating Oroups III. A and III.B.] 



» the filtrate or solution, which may be coloured (430), AmgS in excess, boil and 



ecipitate may contain — 

S — vMte. 
iS — light-pink. 
8— Woe*. 
S — hlack. 



ne this precipitate 
by Table III.B (437). 



at 



Add to the filtrate or solution, which must be dis- 
tinctly yellow or brown (431), Am2C03, warm 
gentry and filter : — 



The precipitate (432) may 
contain — 

BaCOj — white. 
&TCOy— white. 
C&COs—v>hite. 

Examine the precipitate by 
Table IV. (488). 



The filtrate may contain 
Mg, K, Na. 



Examine by Table V. 
(439). 



a precipitate still remain, it is filtered off and the filtrate examined 
by the General Table, commencing with the addition of HCl. 

The precipitate caused and not dissolved by HNO3 may be finely 
divided sulphur, separated as a white powder from a sulphide, or 
yellow from a tliiosulphate t ; this precipitate is recognised by its 
colour, and by not being separable by standing or filtration, it may be 
disregarded ; there may also be precipitated 1148104 (gelatinous, almost 



• Instead of diluting and passing the gas, HaS-solution may be added. 
I Formerly called a " hyposulphite.' 



|! 



■' 



I 



1} 



I. 



tt 
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colourless), SnOg or metastannic acid (see 420a), Sb^Og, AgCl (all 
three white), SnSg , AS2S3 (both yellow), SbgSj (orange). Hence a full 
examination of this precipitate for all that it may contain will involve 
boiling the precipitate with aqua regia, diluting and filtering; the 
insoluble residue is examined as a substance insoluble in water and 
acids (475); and the aqua regia solution is added to the fiiltrate from the 
precipitate caused by HNO3 , any precipitate caused on thus mixing 
the solutions being examined by Table I. (433). 

420a. Metastannic acid is precipitated from a solution of an alkaline 
metastannate by addition of an acid. It forms a white precipitate which 
becomes golden-yellow when moistened with SuCIq solution. It is further 
recognised by dissolving in the washing water while being washed, and 
being reprecipitated when the washings run into the acid fiiltrate. 

421. Even if HCl has been used in dissolving the substance, it is 
advisable to add a few drops of the acid to make sure that no member 
of Group I. remains. 

422. It must be remembered that strong HCl also precipitates a 
strong solution of a barium salt. This precipitate however disappears, 
as PbCls does, on adding water and heating, thus differing from AgCl 
and Hg2Cl2 . 

423. If HNO3 or aqua regia has been used in dissolving the sub- 
stance, or if the solution smells of CI or SO2 , it should be boiled down 
considerably, until after adding HCl and boiling, neither of the above 
gases is smelt. It is then diluted, and HjS is passed at once whether 
the dilution has caused a precipitate or not. 

If As has been detected in the preliminary examination, H^SOs 
should be added until the liquid smells of SO^ after having been boiled 
for a short time. The liquid is then heated for some time short of 
boiling until it no longer smells of SOg . This treatment reduces arsenic 
and stann*c compounds to the arseni(m9 and stannot^ condition. 

In the case of As this reduction is to be recommended, since arsenic 
compounds are not easily precipitated by HgS. It is also very desir- 
able to reduce stannic compounds, since SnS2, unlike SnS, readily runs 
through the filter, and being yellow in colour may be mistaken for S. 
It will of course be necessary to ascertain by special tests (187-190, and 
201-203), made on the original solution, in which state As and Sn 
were originally present. If any precipitate is produced by boiling with 
HoSOj other than white sulphur, refer to (424). 

424. While boiling with HgSOj , some H2SO4 is usually formed. 
This may partially or completely precipitate Pb, Ba, Sr as white 
sulphates. H2SO3 will also possibly precipitate Au, which causes the 
cool liquid to appear blue by transmitted and brown by reflected light ; 
it will separate on boiling as a black powder. Examine any precipitate 
formed by HaSOs by Table G (434). 
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425. On addition of water, Bi, Sb, Sn may give white precipitates 
of their oxychlorides. These precipitates may be disregarded, since 
HgS readily converts them into sulphides. 

426. HgS often causes a fine white precipitate of S, owing to the 
presence of certain oxidising substances, such as CI, HKO3 , HCIO3 , 
H2Cr04 , HMn04 > H3SO3 , FeaCl^ . This precipitate is known by its 
perfect whiteness, and by not being separable by standing or filtration; it 
may be neglected. Great care must however be taken not to mistake SnS, 
for S ; it resembles S in running through filter paper, but is distinctly 
yellow in colour; it may often be coagulated by being shaken or heated. 

426a. Certain changes may be observed while HjS is being passed; 
they should be carefully noted. Thus Pb and Hg during precipitation 
by EEj^ often show characteristic colours (149, 144); a solution coloured 
reddish -yellow by H2Cr04 becomes green; and a solution coloured 
purple by HMn04 becomes colourless. 

427. If on boiling the filtrate or solution after passing BLjS a yellow 
precipitate forms, this shows the presence of an arsenic or a stannic 
compound. In this case pass H^S into the boiling liquid as long as it 
causes any further precipitate, or proceed as is directed in the latter 
part of (423). Filter off and add this precipitate to any precipitate 
already obtained by HjS to be examined by Table II. 

428. SiOg and other substances may be present in this residue. 
SiOj is distinguished by readily dissolving in hot KHO solution. 
AI2O3 , Fe^Os , Cr203 may remain undissolved by HCl, if they have 

been rendered difficultly soluble by the ignition to which the residue 
has been subjected. They may be dissolved by long-continued heating 
with strong HCl. The solution is added to the other solution which 
is to be examined for Group III. a. 

BaS04 ^i*^ SrS04 may also remain undissolved. They are detected 
by heating some of the residue strongly for a short time in the inner 
blowpipe flame upon a loop of platinum wire, then moistening the loop 
with a drop of strong HCl, and holding it in the outer part of the 
Bunsen flame. Crimson-red flashes, appearing red through the indigo 
prism prove the presence of Sr; a yellowish -green flame coloration 
shows Ba. These flame colorations should also be examined by the 
spectroscope (42). 

The following is a less rapid method of detecting Ba and Sr. Dry 
the insoluble residue ; fuse it on platinum foil with three or four times 
as much fusion mixture ; allow it to cool, then boil with water until 
the mass is disintegrated ; filter, wash the residue well upon the filter, 
and examine it by Table IV. (438) for Ba and Sr only. 

429. Mn and Zn are liable to be precipitated with FcgHgOg, ALjHgOe, 
CrjHgOg . The precipitation of Mn is partly prevented by keeping the 
liquid from exposure to the air after adding AmHO. But the further 
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precaution should be taken of dissolving the precipitate produced by 
AmHO in HCl and reprecipitating it by AmHO, then filtering and 
adding the filtrate to the original filtrate from the Group III.A pre- 
cipitate. This treatment of the precipitate should be repeated several 
times, if small quantities of Zn or Mn have to be looked for in pre- 
sence of Al or Fe. 

It is better still to precipitate Groups III.A. and III.B. together (459) 
and to examine the precipitate by Tables III.c. (464, 465). See roles 
given in (463). 

430. The filtrate or solution, after the addition of AmCl and 
AmHO, may be coloured blue by Ni, hrown by Co, or reddiah-moUt by 
CrgHgOg dissolved in the excess of AmHO. 

The CraHgOg must be removed before proceeding to examine for the 
remaining Groups. It is readily separated as a pale green fiocculent 
precipitate, by boiling the liquid for a short time in a porcelain dish, 
adding a little more AmHO if the liquid does not smeU of NHsafter being 
boiled for a short time. This precipitate is filtered off, and the filtrate 
is further examined for Groups III.B, IV., and V. by the General Table. 

The colorations due to Ni and Co differ from that caused by Cr2HgOc 
in not being removed by boiling the liquid. 

431. A hrown or dark coloured filtrate shows that Ni is present * ; 
some of the NiS precipitated by Am^ having been dissolved in the 
excess of AmgS and giving the filtrate its dark colour. If this colora- 
tion is noticed the filtrate should be poured into a porcelain dish and 
boiled, occasionally adding water if necessary, until on removing the 
lamp for a short time the black NiS settles, leaving a colourless liquid. 
The liquid is then run through a small filter and the black precipitate 
is tested for Ni by fusing a portion of the filter paper stained by the 
NiS in a colourless borax bead. If a bead is obtained, which when 
heated in the outer flame is violet or hrown while hot and yellow when 
cold, and which hecomes grey or opaqiie in the inner flarrvet Ni is cer- 
tainly present and need not be further tested for in Table III.B. 

The colourless filtrate is examined by the General Table for Groups 
IV. and V. 

432. Part of the precipitate produced by Am^COs often adheres 
firmly to the inside of the vessel in which it has been produced. In 
this case rinse the tube out several times with distilled water, and 
then dissolve the precipitate by pouring in some hot HA, causing it to 
run over the inside of the tube. Add this solution to the HA solation 
of the AmgCOg precipitate made in Table IV. 



* If Groups III.A. and III.B. have been precipitated together by AmCl, 
AmHO, and AmsS added in succession (459), the coloration of the filtrate 
may also be due to Cr2HgOe . On boiling the filtrate coloured by Or jRfi^ 
in a porcelain dish for several minutes, pale green Ct^fi^ is precipitated, 
which cannot be mistaken for black NiS. 



:, 431.] 
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433. TABLE L— SILVEE GROUP. 

rhe precipitate produced by HCl may consist of PbClj, 
CI, and Hg'jClj : the precipitate on the filter ia washed 
I or six times witli boiling water, tlie first portions of the 
jhings being kept apart : — 



-wbicl U presenl 
quanOty will b 
posited In br 



iae Co the vuhlnea 
K,CrO, : a yellow iire- 
iJpttAte,t4!U J J]y Bulub le 






bUck ; diy at a goDtte 
heat; sciBpflUiepredpl- 
tatfl off tfie Oltsr, mli 
with aomo di; Ns,CO|, 
AncL heat In a amaU 
ignition tnlw (HI). 
(JloLulea ol Hg are aeen 
on the Eldea ol the tube, 



14. Tasle O.— Examination of the Peeoipitatb fobukd om 

,iNO THE HCl SOLUTION WITH H^Oj. (See par. 424.) 

e precipitate produced hr H,SO, may contain An, PbSOi, BaSDi, and SrSO, ; 

ilj eeea by colouring the precipitate brown or black ; the Au la olao uaually 
ie duiiDg precipitation by H^iSO,, or alter the white sulphates have Bubelded, 
I It colours the Uquld blue by transmitted and reddish by reflected light, 
and Sr can often he at onca detected, U present, by taking a little of the 
t precipitate on a loop of platjunra wire, heating in the inner blowpipe flame 
>me time, moistening with HCl, and eiaminiug the Came coloration ; but a 
I trustworthy method of proceeding is the following :— 
lae the precipitate into a amail porcelain iiiii, nslng aa little water aapos- 
: diasolve Id the Uquld a smaU crystal of H,T or add a few drops ol atron^ 

I and decant through a Uter :— 



dn"^oT;™dd 

hen K,CK)?'a 

at'e^lolubk^ili 
tHOBhows:- 


S/tidve: ponr upon the residue in the dish a UttiB 
HCl (md a lew drops ol HN'Oi, heat to boiling, let 
stand, decant into B porcelahi dish :— 


Solution : boil until the 

fr*ehF^o7«'luS™;"a 
blue coloration and red- 


B«M«e: dry by gently 
heating the dish, fuse 
with fusion miiture on 

and Sr aa directed In 
the last part of (428). 
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«iin,. 435. TABLE IL— COPPER AND 

ti^^ The precipitate produced by HjS in the HCl Bolntion, after haTtng 

with KHO or a smtdl quantity of AmjS*, and filtered : — 

GROUP U. A.— COPPER GKOUP. 



preclpitateandallowedLt to drain, re 
pour upon it strong BI<'0> Buaclent i 

to drynesB. Boil off aetirlr all the nc 
time, BtiiriDE occuionully, and Utei 



'er ft complete^, andtieat^ntlruloDBU 
\S HNO, if aecesuur to prevent eTaponSo 
Id a little dilate BiSOi, let itaod for mun 



Raidvi muy contulu HcS 
aiackl, PbSO, (aAtte) ; bUt 
11 ahite, tbe abseuuB 0[ Hg 
la not proved. 

Semovfl the re»dae into n 



Retidne: dry on 
gentle best, 



Who" 

irtcuniy. 



AildHAi 
K.CrOi, 



ivri 



PrntnceofBi. 

KoU. — k pre- 
clpftiile produced 

BlaCE Fh Bnd Hg 
ml^ht poflafbly ap- 

ilpiUteei 



nistnken 



icHi. 



*IttTBceaotCuhi 



ie tested lor, Na^ sh 



fmirata, if bttu. contaiiu Cm : (noi 
i) add Ha nntU the Uqoiil 
aeld, then paai H^ to Batontioi 
fllter and muh quickly, keepln 

plate ; riiue tbe precipitate int 

dilute H,^Oi, boil imd flJto 
through a covered flItflr(iiote 3): 



and afewdrope 



much' 

and pa» B^ 

U-3-water. > 
vellow pndpl- 
tBle ihow) >- 
PmtnBtefCi, 

HbU. — U tbli 
precipitate i> 

CnS is nrdmi 
(tee note i).^ 



orAni^, ilncaCiSli 



>o small to be removed, the portioii of t^e papa 
and mixed with Hs,COp For the p 



Note 1. — If the residue is t- 
containing it may be out up 
requisite in performing this t«3t see (117], 

Note 2. — Another method of detecting Cd in the preagiux of Ou, coniiib 
in adding ECy solution to the blue ammoniacal liquid, and passing H^ ; Cd 
if present falls aa yellow sulphide ; Cu may then bo tested for in the filtnti 
which has been boiled down considerably with encess of HNOj, t^ aJHing 
imHO in oicesB, tlien HA in excess, and K,FeCy,. 

Note 3. ^Unless this precipitate is filtered without delay in a covered fOiiB^ 

'shed r[iiickly, and examined at ouce, CuS is liable to beoxidiaedandts 
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iESENIC GROUPS. 

been washed with hot water, ia remored from the filter and boiled 



GROUP II. B.— AESEHIC GROUP. 

Th« JUtrate may contt^a ASifli, Sb^^ Sd^^ SnS, | 
la acid, and pass H^ unlesi tlie Uqnld stnel 

prosenl will be reprecipitated; a mere milklneaa due to precipitation i 
diireKUded. 
The precipitate la filtered oft aud examined aa directed In i^ b (we note 



Ipbldea If 



ireclpltate from tbe flller lota a porcel^n dish, nainji aa 

'onally drop ' ' 

BBves only a 
6) until It cs 



Dgluotes) 

erlTnecei ,, , , 

containing pieces or pore '£a: U tbe gai doe> not comeoff readily, add a little Btrung 
HCl, and cause the gaa after paiilns thrangh aoms PbAt aointlon Isee caution lai) to 
bubble throi^h some AgNOi BOlutioii contained in a broad test-tube. M soon M 

the flask, and aa soon ss tlie gsa ceases to come oR, some Zn still remaining ondllr 
aolred, remeve tbe test-tube containing the AgiNOg eolutlon; 11 any black precipe 



Seiidve In the flaali may consist 
of Sn, (Pt,Au), and excesi of 

8n'by shaldng the pieces of 
Zn well with the liquid and 

dish, decant the liquid and 
wash the Sn by decantatlon 

wltht Uttle uioagBCU^ 
teat-tnbe,then quickly dilute, 
and decant ; [tbe residue may 
cont^ Au, Pt, ace (474)1: 
add HsCI, to the solution ; a 
white precipitate, becomli^ 
black with AmHO, show- ■ 
Preunte 0/ Sn. 

If H^ has not proved In the 



AgNO, solution. Dtter :- 



',-ltibe add several drops of 



prmpitaU: WMli well with 
liDillng water until HCl 

washing water, then pour 
upon the Alter a_Lttle 
boiling dilute H,T solu- 
tion, boll It and pour it 
a^ln through the filter; 



PUtnsU: dilute several 
drops of AmHO largely 
in 1 test-tube and add 
this llqnid drop by 
drop to the flltnitB ; ■ 
llglit yellow precipi- 
tate, wlifcb settles in 
flocks on shaklug thd 
liquid ihowa:— 
Fraenta <if A.t. 

UH,Shasnotprovedln 
the Oene»l Table 1487^ 



General l 
lo (201-208). 



(427), whether 



pass into the filtrate aa CuSOj ; it then discolours the CdS precipitate, or 
may be entirely oyerlooked if pMaent in small quantity. It ia well to pour a 
few di^jps (if H,S-water into the funnel with each fresh addition of washing 

Note 4.— The detection of Aa, 8b, Sn by the method given in (435 b) is very 
truBtwortiy and delicate (208); it is excelled in these respects by the method 
in (210J. For beginners, however, the process (209) ia reoommended by its 
greater simplicity. 

ifoU 5.— The solution must not be heated to boiling, else SbCl, or SnCI^ 
U praaeut might he volatilised. 
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Note 6. — In this solution As and Sn will be present as stannieum 
and arsenict^m, and in this state they are not well suited for detection : 
the following modiiication makes their detection much more rapid and 
certain, especially when they are present only in small qoantity. 
After warming until the liquid ceases to smell of 01, add HjSOj drop 
by drop, until the liquid after being wanned for a short time smells 
of SOs ; then heat it short of boiling until the smell of SO^ is re- 
moved, and pour, through a filter if necessary, into the hydrogen 
apparatus. Great care must be taken to remove the SOj entirely, 
else Sb and As may remain as sulphides in the hydrogen apparatus. 



436. TABLE IILa.— IRON GROUP. 

Tlie precipitate produced by boiling, after addition of AmCl 
and of AmHO in excess, may contain AlgHog, CrgHog, 
FegHog : the colour of the precipitate will usually show 
whether it contains any quantity of FcgHog (reddish brown), 
or CigHog (pale green), since AlgHog is colourless. 

Dissolve the precipitate in a little boiling dilate HG 
(33 d, e, /), add to the solution pure KHO or NaHO until 
the precipitate remains after stirring, then add KHO or 
NaHO in considerable excess, boil for some time and filter : — 



1. Filtrate may contain 
Al2Hog dissolved in 
excess of NaHO ; if it 
is green, Cr2Hoa is also 
in solution and must 
be precipitated by fur- 
ther boiling in a porce- 
lain dish and then re- 
moved by filtration. 

Add AmCl solution in 
excess to the colour- 
less filtrate : a colour- 
less gelatinous pre- 
cipitate shows : — 

Presence of Al, 

Note. — Sodium and 
potassium hydrates are 
very liable to contain 
AljHog : the analyst 
must ascertain that 
the Al does not come 
from this source. 



2. Precipitate may contain CrsHoe and Fe2Ho«. 

Dry upon the filter, carefully avoiding charring the 
paper; when sufficiently dried the substance will 
have shrunk considerably into small, hard, dark- 
coloured pieces ; detach these from the filter and 
fuse them with a little solid NfaoCOt and KNO* 
upon a piece of platinum foil, either supported 
upon a pipeclay triangle or held in the JBunsen 
fiame by crucible tongs. Continue the fusion 
by heating the under surface of the foil in the 
blowpipe fiame as long as any frothing occurs, 
then aUow to cool ; a yellow mass indicates the 
presence of Cr (note 1). Boil the platinum foil 
in a small porcelain dish with water imtil the sab- 
stance is entirely dissolved or only a dark brown 
powder (FejOs) remains undissolved; take out the 
foil, allow the powder to settle, and decant the 
liquid through a filter: — 



3. l?VZ<ratevrill be yellow if 
Cr is present (note la). 

Add HA in excess,shown 
by the colour becoming 
reddish, boil for sevem 

minutes, then add Pb A3 
solution; a yellow pre- 
cipitate shows : — 

Presence of Cr (note 2). 



I. Residue in. i)orcelain 
dish ; dissolve by jmut- 
ing in a little Hd 
and boiling, add some 
water, then a few drops 
of E(3yS solution; a 
blood -red coloration 
shows: — 

Presence cfFe (note 81 
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Note 1. — If Mn was present in the original substance, it is often pre- 
cipitated more or less completely with the Fe, and will be detected by 
imparting to the fused mass a bluish-green colour. This should be 
noted, as the Mn may possibly be entirely precipitated in this group, 
and will then not be detected in the next group. 

Note 1 a. — The green colour, due to the presence of Mn, conceals the 
pale yellow colour due to Cr. But on dissolving the cool mass in water 
and boiling with HA, the manganese coloration is destroyed. On 
filtering from any dark coloured precipitate, the yellow colour due to 
Cr becomes evident. 

Note 2. — Cr may have been present as a chromic salt, Cr replacing 
hydrogen in an acid ; or as a chromate, Cr being united with oxygen 
to form an acid-radicle. Ascertain in which state it was present by 
boiling some of the original substance with NajCOs solution and filter- 
ing. A yellow filtrate, which on being acidified with HA gives a yellow 
precipitate with PbAgj shows that Cr was present as a chromate, Cr 
previously combined with an acid as a chromic salt, remains undissolved 
as green CrgHgOg, and does not colour the filtrate : it is found by 2 in 
the preceding Table. 

Note 3. — Fe is always detected here as a ferric salt; since, even if 
originally present as a ferrous compound, it will have been oxidised by 
boiling the solution with HNO3 before precipitating Group III. A. in 
the General Table. To ascertain in which condition Fe was present, 
boil some of the original substance with HCl, filter if necessary, and 
divide the solution into two parts. To one portion add K^FejCyij, 
a dark blue precipitate shows the presence of Fe" {Ferrosv/m) ; to 
another portion add KCyS, a blood red colour shows presence of Fef" 
(Ferricum), 



437. TABLE III.b.— ZINC GROUP. 

The precipitate produced by AnigS in the solution, or in 
the filtrate from Group III. a., may contain ZnS, MnS, NiS, 
CoS. The colour of the precipitate will usually show whether 
it contains any quantity of NiS or CoS which are black, or 
consists only of MnS (pink) or ZnS (white). 

The presence of Ni will have been indicated by the filtrate obtained 
after boiling with AmHO in the General Table being blue in colour, 
and by a dark brown filtrate having been obtained after boiling with 
AmaS. If the black precipitate, obtained by boiling the dark brown 
filtrate from AmgS (431), has also been proved by the borax bead to be 
NiS, the further tests for Ni in the following Table may be omitted. 

R 
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Kemove the precipitate from the filter with cold dilute HCl 
in the way described in par. 33 c; take out the paper and 
allow the liquid to stand, occasionally stirring it welL The pre- 
cipitate will either dissolve, leaving only white sulphur, in which 
case the milky liquid may be at once examined by 2 (p. 259), or a 
black residue will be left which must be filtered off and examined 
by 1 (below), the filtrate being examined by 2 (p. 259) : — 



1. The Residue is black, and may contain NiS, CoS . 
Examination by the borax bead. 

Fuse a small quantity in a clear borax bead in the extreme tip of the outer blowpipe 
flame, note its colour ; then fuse the bead for some time in the inner bloi^pe 
flame, and again observe its colour. Any one of the following observations may be 
made : — 



Blxie bead in both 
flames shows : — 
Presence of Co . 

Co need not be further 
tested for, but if any 
doubt exists as to the 
presence of Ni the 
rest of the residue 
must be examined as 
below. 



Brown or yellow beady 
when cold after fusing 
it in the outer flame, 
which becomes grey or 
opaque in the inner 
flame, hliovr^ Presence 
of Ni, Absence of Co . 

Unless mere traces of Co 
have to be tested for, 
no further examina- 
tion need be made. 



A bead which is neither brown 
nor blue, but of some inte^ 
mediate hue on cooling 
from the outer flame, indi- 
cates the probable presence 
of both Co and Ni . 

Examine the remainder of the 
black residue as directed 
below for Ni and Co, or for 
Co alone if Ni has been 
already detected by (4S1). 



Further examination of the residue.— Tiiase the residue from the filter into a porcelain 
dish, using as little water as possible : pour in a little strong HCl and boil for 
some time, adding occasionally a small crystal of KClOs, until the black residue is 
entirely dissolved or only a small quantity of dark sulphur remains ; then bofl 
down nearly to dryness, a blue liquid shows presence of Co ; dilute with a little 
water, filter if necessary into a boiling-tube and pour in KCy solution slow^ until 
the precipitate formed at first is just redissolved, boil briskly for several minate^ 
and add much strong Na2Cl20, or make decidedly alkaline with NaHO and add 
much Br-water ; heat nearly to boiling, and aUow the liquid to stand at least iea 
minutes, filter* : — 



Precipitate (black) : wash, 
and confirm the presence of 
Ni by fusing some of the 
precipitate, or the paper 
stained with the precipitate, 
in a borax bead iu the outer 
and inner blowpipe flames : 
a bead yellow when cold, be- 
coming black in the inner 
flume shows : — 
Presence of Ni . 



Filtrate must be warmed with more Na^dsOor 
6r-water, and filtered from any additional preci- 
pitate which may form, then evaporated to dry- 
ness and strong HNO3 poured upon the residneak 
long as any frothing is caused ; this is then eva- 
porated just to dryness, the residue dissolved in 
water, excess of KHO added to it, and any predpi- 
tate filtered off and fused into a borax bead, taking 
the paper stained by the precipitate if the predpi- 

• tate is not easily removed : a blue bead shows :•— 
PreseficeofCo. 



* If this precipitate adheres to the sides of the boiling tube, it is dis- 
solved, after the liquid has been emptied out, by pouring in a little 
boiling HCl ; from this solution the Ni is precipitated by addition of 
KHO, and the precipitate filtered off and tested by the borax beid 
for Ni. 
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L Thi Solatisn arfiitrate n: 



atirweUuid filter: 







iltA preolpltatt 
floured, luiowf] 



. - b<%ed, elBfl Zn migbt ]» predcluted irith (he 

But \s dnatisg uid boUlog the abors flltnts It li 
nsiutUj poulblB to niue any ZnHo, It holda la Boln- 
Uou to pnnlpltita, HpecUlb U the tlkillnltT of tho 
Ituuld be Bonievbat Tedaoea br matlani iddlUou ol 
HCl In qnutitf luaulDciaiit lo nuke tbe Uqold acid. 
If tbl> i^eolpiteta b« aepanted b; pouring tha Uqnld 
tbraoBh a double filter and then be dlmolred afl tbs 
filter and Uie aides ol (he bolfing tnbo br a lltUe 
precipitated ftr/KUy it, 



tiuUlng Hi 
fromtblaHi 



inbiH 



438. TABLE IV.— BAEimi GROUP. 

The precipitate produced by AnijCOj may contain BaCO^ 
SrCOg, GaCOg : it ie to be well washed with boiling water. 
Before diflaolviiig the precipitate off the filter much ma; 
nsnally be learnt by an examination of the flame coloration 
yidded by the HCl solution (see 1 below). The reaulta thus 
obtained aie afterwards confirmed in Uie wet way (see 2 
below). 

1, Examination hy fiame coloration. — Take a small 
quantity of the precipitate off the filter upon the end of a 
glass rod, and dissolve it by moYing the end of the rod 
about in several drops of HCl on a watch glass ; dip into 
this solution a loop of platinum wire which imparts no 
colour to the flame, then hold the loop for some time in the 
Bunsen flame, repeating the process if the coloration is not 
satiflfactorily observed at first Ca will impart to the flame 
a yeUowith-red colour, Sr a erimson-red, Ba a yellowieh-ffreen. 
The red colorations yielded by Ca and Sr are distinguished 
by viewing the flame through the indigo-priam ; the Ca 
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le lines coloration then appears dingy green, whilst the Sr coloration still 
pages, ing after the others have disappeared. When all three metals 
one another ; but if at any time a red colour is visible through 
visible without using the prism, the presence of Ba is proved. The 
2. Examination in the wet way, — ^The rest of the- precipitate 
again boiling the liquid and pouring it once more through the 
the solution is acid, and if it is not, add HA whilst stirring until 
solution into a test-tube, and put by the larger portion (B). To 
part of the tube in cold water or holding it in a stream from the 
cipitate forms refer to Column I. (below) : if no immediate pre- 
forms refer to Column IL, if no precipitate forms even after 



I. An imincdiate precipitate is produced by CaSO^ in the cold, shomng 

Presence of Ba . 

Portion {B) must then be tested for Sr and Ca which may also be pre- 
sent : examine it as directed below : — 

Add K2Cr04 solution until the colour of the liquid is reddish yellow ; 
heat, and filter through a double filter-paper, pouring the filtrate 
through the same filter repeatedly if necessary until the liquid is quite 
clear ; then add to the liquid, which must be orange red in colonr, 
AmHO until the colour changes to pale yellow, then add AmfiOi 
solution : — 



No precipitate forms f 
showing : — 

Absence of Sr and 
Ca, 



A precipitate forms, showing Sr, Ca, or both of 
them, to be present. Add to the Hquid Am^COi 
in excess, filter, reject the filtrate and dissolve 
the precipitate off the filter in as Uttle boiling 

HA as possible ; pour off a small part (^0 of 
this solution, reserving the larger portion (£'). 
To (A') add CaS04 solution and boil :— 



No precipitate forms : — 

Absence of Sr. 
Examine portion {B') for 

Ca as directed at (C) 

in Column III. 



A precipitate forms :-^ 
Presence of Sr. 

Examine portion {JB^ 
for Ca as directed at 
{0), Column II. 



489. TABLE V.— 

The filtrate remaining after addition to the original solution of all 
iS^H^. Since, however, NH^-salts have been added as gioap> 
be detected by boiling a portion of the original substance with 
Avliicli would be recognised by its smell or its action on moistened 
bore for JS'H^, since it will have been already tested for in the 
IS directed below. 
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appears crimson ; Ba is usually found by its coloiatibn lemain- 
are present together their colorations are apt to interfere with 
the indigo-prism^ Sr is certainly present ; if a green coloration is 
flame coloration should be examined by the spectroscope (42). 
is dissolved off the filter by pouring upon it a little boiling HA j 
filter if the precipitate is not entirely dissolved. Test whether 
the liquid is acid, then pour off a small portion {A) of the add 
the portion (-4), after it has been cooled by immersing the lower 
tap, add several drops of CaSO^ solution ; if an immediate pre- 
cipitate forms heat the liquid to boiling, and if a precipitate then 
several minutes refer to Column III. 



II. A precipUaU is not formed at once on 
the addition of CaSO^, hut appears on 
boiling the liquid, showing : — 

Absence of Ba and Presence of Sr. 

C, Portion {B) is then examined for Ca 
as directed below : — 

Add dilate H2SO4 in excess, boil and filter, 
reject the precipitate ; add to the filtrate 
sev^:^ drops more H2SO4 and boil ; if 
this causes any precipitate boU and filter, 
and again test the filtrate by addition of 
HjS04 and boiling : repeat this process 
if necessary. To the clear filtrate, which 
gives no further precipitate on addition 
of H2SO4 and boiling, add gradually 
AmHO until after mixing the liquid by 
thorough stirring or shaking, it turns red 
litmus-paper blue, then add Am2C204 
solution and warm gently ; a white pre- 
cipitate, often appearing only after a 
time, shows : — 

Presence of Ca . 

(See Note, Column III.) 



III. No precipitate is pro- 
duced by CaSO^, even on 
boiling, showing : — 

Absence of Ba and Sr, and 
Presence ofOa. 

C, Confirm the presence of 
Ca by making portion {B) 
alkaline with AmHO 
(34), then add AmjC^04 
solution ; a white precipi- 
tate forms, showing : — 

Presence of Ca , 



Note. — If mere traces of Ca 
have to be tested for, the 
filter-paper used in the ana- 
lysis must first be freed 
from any traces of Ca it may 
contain by wetting it with 
dilute HCl, and Qien tho-^ 
roughly washing it with* 
distilled water, as described 
in the last par. of (29). 



POTASSIUM GROUP. 

the group-reagents in succession, may still contain Mg, K, Na, and 
reagents, it is useless to test for NH^ in this filtrate : NH^ must 
KHO -solution, and ascertaining whether any NHg-gas is evolved, 
red litmus-paper. It is, however, usually unnecessary to test 
preliminary examination (390). Proceed to examine for Group V. 
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Evaporate the filtrate from Gioup lY. to dryness in a porce- 
lain dish, acrape out the solid residue and heat it to redness 
upon a piece of platinum foil in the Bunsen flame as Long as 
any white fumes are seen to be given off on removing the foil 
for an instant from the flame {note 1). All KH^-compounda 
are thus entirely removed. If any residue remains (note 2) it 
b to be dissolved by boiling the foil in a test-tube with a small 
quantity of water to which several drops of dilute HCl have 
been added. Divide this solution into two parte : — 



Befoia testlne for Ug i 

remoVB from 1 1 aor ttsata 
ol Ba, Sr, or Ca whi'- 
tt may i«isBib]y contoli 



(hether a piBcIpUala 
laa formed or Dot, add 
, little AmCl, tben 
imHO in eiFosa, thea 
evera] drops 0( ArnjOjO,. 



jid let It Etai 



a/Mg. 



way Interferea with tHe delfiutlou at K and Ni 
and hence It Mg liaa b«OD detected ila nmovi 

flame co^Bliim.— Dip Into the Bolation a lou 
of plattDuia wire which hns been proved ne 

loop in the Bnnsen flame; Dae ol'tbe foUon 
lug reanlta will be obaervecl ; — 



A bright veUout Jlatiie colrjr- 
oKim, InaicalinH timpresenci 
ofSalaotBS). 
(.amine thii coloration 
through the indigo -priam ; 



antilj. 



't ia ubuoJ to conflrm t^ie resulla of the eTamlna- 
tlon of the flame coloratloa by pouring tbe 

adding to it eeteral drops ol PiCI, (note l( 
und atlrring well for some time ; the formatltHi 
of a yellow precipitate shows : — 
AeiaiceD/K. 

See (47), and Note S, page 2«3. 



Nbtt 1. — If tlie residue is small in amount it may be ignited in the 
diali ; but iMs is not to be generally recommended, aa tbe porcelun 
(ijsh is liable to be cracked by tbo teat, and it ifl oJao difficult to get 
entirely rid of the NHj-salts by heating only in porcelain. 

Ifole 2. — It is not safe to place much reliance upon an szaminatimi 
or the foil for tbe detection of a small quantity of residue, but it may 

* Traces of Ba, Sr, Ca may Temain anprecipitated by AmfiO^ 
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usually be detected bj producing a crackling noise wMLe the foil is 
cooling immediately after its removal from the flame. Should there be 
any doubt, the foil must be boiled with water and a drop of HGl, and 
the solution examined for Mg, E, and Na, as directed aboreu 

Note 8.— The examination of this flame coloration by means of the 
spectroscope will naturally suggest itself. 

A yellow coloration, more or less intense, will almost always be ob- 
tained here, since most substances and reagents contain small quantittes 
of Na. Hence the student must note the intensity of the coloratioDi 
and judge from it whether the quantity of Na is small or large. He 
must then enter accordingly, either ** presence o/Nti,** or **preaenee qf 
trace cfNct." 

Note 4. — If iodine is present, PtCl4 will produce an intense red 
coloration. Hence if iodine is suspected to be present, before adding 
PtCl4 the above solution should be evaporated to dryness with a little 
strong HNO3, the residue dissolved in a few drops of dilute HCl and 
tested with PtCl4 for E. This is of course unnecessary i^ before pre- 
cipitating Group III. in the General Table, the solution has been 
evaporated to dryness with HNO^. In case of uncertainty, add PtCl^ 
to a drop only of the above solution; and if iodine is found to be pre- 
sent proceed as is directed above. 

Note 5. — Mere traces of E and Na may be detected by adding 
PtCl4, and evaporating the liquid to dryness in a porcelain dish upon 
a water-bath. Absolute alcohol is then poured into the dish and 
stirred. Any yellow residue shows presetice of K^ the solution giving 
the pure Na coloration if Na is present On filtering off the yellow 
residue and washing it with absolute alcohol, it will yield the pure E 
flame coloration. 



ANALYSIS OP COMPLEX SIJBSTAHCES. 

TABLE OF SOLTJBILITy. 
A blank Bignifies tliat the solubOity is oaknowii or unii 



[no. 



Odde . . . 

Bulphlde . . 
CUnrlda . . 
ludlds . . . 
SulphaU . . 

Car^gnu"*^ '. 
Borate , . . 


K- 


Xa 


.1m.'jfj. 


Ba 


Sr. 


c. 


Pe'. 


Fe^. 


A 


Ct. 




*» 


m 


Co. 




w'. 
V. 


1 


11. 

A. 




:.' 


'i 


I: 


I 


a. 


a. 




a! 
a! 












OridB . . . 

Sulphide . . 

ch'r^ar.. : : 


-l»- 


Bi. [ Cu. 


M. 1 S6. 1 5.1". 


».-. 


^^. 


* 


Hy-. 


w'.b 


S 


wli 


■w. 

it. 
a. 


8.* 

a. 


I 


w.b. 


f 


= 


a^ 





.. Soluble in acids ; the term standing for ECl, HNO^ and aqiu 



a-' Soluble 
a' Soluble 
a."' Soluble 



I muriatic, or hydrochloric acid. 



I ixture of muriatic and nitric adds, or aqua regin, 
but not in either acid separately. 

Insoluble in water and acids. 

Letters thus [ilacod together with a stop between, signi^ that 
in diffiTcnt states the substance shows the different solu- 
bilities denoted by the letters. 

Letters connected by a hyphen indicate that the aabstance U 
only slightly solnble in the first aolrent, and may thelflfote 
partially fall under the class denoted by the second letter. 

Decomposed more or less by much water with fonnationof a 
basic salt which ia insoluble in water but soluble in acid. 
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EXAMINATION FOR AOID-RADIOLBS. 



Introductory remarks. 

440. In conducting the examination for acid-radicles 
much time and trouble may usually be saved by consider- 
ing which of these radicles can possibly be present. The 
preceding examination will usually have limited this num- 
ber considerably (441) ; but it may be further reduced by 
the knowledge already obtained of the metals present, and 
of the solubility of the substance under analysis. 

A reference to the Table of Solubility on the preceding 
page will show how this knowledge may be applied. 

Only commonly occurring compounds are contained in 
this table, the solubility of other substances may be ob- 
tained by reference to Storer's " Dictionary of Solubilities." 

The table is thus arranged. In a horizontal line at the 
head are placed the more commonly occurring metals, which 
yield salts or basic oxides. In the vertical column on the 
left is a list of that portion of the names of the compounds 
thus formed, which corresponds to the acid-radicle. 

To find the solubility of any ccmipound of one of the metals 
placed at the top of the Table, glance down the vertical 
column which is headed by this element. The letter indi- 
cating the solubility of the compound will be found in a 
horizontal line with the acid-radicle portion of the name. 
Thus to find the solubility of zinc sulphate it is only necessary 
to glance down the vertical column with Zn at its head : on 
a horizontal line with sulphate stands the letter w, showing 
that zinc sulphate is soluble in water. 

The way in which this Table is used after ascertaining the 
solubility of a substance under analysis, and detecting the 
metals present in it, may be explained by an example. In 
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a substance which was entirely soluble in water, the metals 
found were K, Ba, Ag. A glance down the columns headed 
by these three metals shows at once which acid-radicles may 
be present. All acid radicles might be present combined 
with K, since all its salts are soluble in water. But the 
presence of Ba in a substance soluble in water shows that 
SO4, PO4, CO3, BO3, A8O4, CrO^, and F cannot be present ; 
since these acid-radicles form compounds with Ba which are 
insoluble in water. Ag excludes in addition S, CI, Br, and 
I. Hence, of the more commonly occurring acid-radicles, 
NO3 only need be tested for. 

This example shows how much the examination for acid- 
radicles may often be simplified, when the metals present in 
a substance and its solubility are known. • 

441. Several acid-radicles will probably have been satis- 
factorily tested for in the preliminary examinations. In case 
their reactions have been interfered with by the presence of 
other substances, the analyst should refer to the reactions 
given in the fourth section and select one which will be 
decisive. 

The examination for metals also frequently yields proof of 
the presence of certain acid-radicles. Thus on passing HgS 
into the HCl solution : — 

A reddish-yellow solution, becoming 
green and depositing white sul- 
phur, shows Presence of (CrO^)" 

A purple solution, becoming colour- 
less, shows Presence of (MnO^' 

A yellow precipitate of ASgSg, 
appearing only when the hquid is 
boiled, shows Presence of (AsO^)" 

An insoluble residue of SiOg, after 
evaporating to dryness the filtrate 
from the HgS-group, shows Presence of{SiO^'\ 
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And a yellow precipitate obtained 
with AmHMoO^ before precipitat- 
ing Group III., shows Presence of (PO^)'" 

The presence of any of these acid-radicles thus detected will 
require no further confirmation. 

Of the acid-radicles which remain to be tested for, some 
can be detected by the plan drawn out in (442-445); others 
are most easily found by special tests made on the original 
substance (446-454), 
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GENERAL EXAMINATION FOR ACID-RADICLES. 



442. Before employing the liquid tests, it is advisable to 
separate from the substance any metals other than K, Na, 
and NH^ which it may contain ; since some of these are 
liable to be precipitated by the reagents added for the 
detection of the acid-radicles. If alkali-metals alone are 
present this separation is unnecessary, since they are not 
precipitated by any of the reagents. 

This separation of the metals may usually be effected by 
boiling a portion of the finely-powdered substance with 
Na2C03 solution, which must be further added to the clear 
solution as long as it causes any precipitate. Filter from 
the precipitated carbonates, and divide the clear filtrate into 
five equal portions. Reserve one of these portions in case 
of accident, and a second for the tests for organic acid- 
radicles. Acidify the others while they are hot by addition 
of HCl, HNO3, and HA respectively: examine them as is 
directed below, using a separate part for each test. 

Some metals cannot be completely precipitated as car- 
bonates by boiling wuth NagCOg solution : the presence of 
these metals in solution is, however, frequently of no conse- 
quence. If they must be precipitated, addition of AjUgS, 
or passage of HgS, will usually separate them as insoluble 
sulphides ; but the subsequent separation of the excess of 
AmgS or HgS by gently warming the solution is troublesome. 

Since the analyst knows at this stage of the analysis what 
metals are present, it should not be difficult to separate 
them or to allow for their presence while trying the tests for 

acid-radicles. 

The clear acidified portions of the filtrate, obtained after 
boiling with sodium carbonate solution, are tested by (443), 
and the further special tests (446-454) are then tried if 

necessary. 
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443. 


I. Portion acidified with HCl. 


Praent. 


On addition of BaClj solution a white precipitate in- ) 
soluble on boiling (444, 1) 

On addition of BaCU solution, a semi-transparent ) 
precipitate insoluble on boiling (444, 2) . . ' 

On addition of AmCl and AmjGOs, a semi-trans- ) 
parent precipitate ) 

On addition of FeS04 solution, a dark blue precipitate 

On addition of FeoCl^ solution, a dark blue precipi- ) 
tate : FeS04 yielding a light blue precipitate . f 

On addition of FcsClc solution, a red coloration, ) 
destroyed by pouring into HgClj solution . . j 


(SO*)" 

(SiF,r 

(Si0,y' 
(FejCyia)" 

(Cysy 





II. Portion acidified with HNO,. Refer to (444, 8). 


PreaeTa, 


On addition of AgNOz, a pure white precipitate.) 
easily soluble in AmHO (444, 1) . . . .j* 

On addition of AgNOs, a light yellow precipitate,) 
with difficulty soluble in AmHO . . . .) 

On addition of AgNOs, a yellow precipitate, almost) 
insoluble in AmHO ; 

Refer to (445, : 


CV 
Br' 
1 





III. Portion acidified with HA 


PresenL 


On addition of PbAj solution a yellow) 
precipitate (445, 2) f 

On addition of CaCIj solution a white gela-) 
tinous precipitate > 

On addition of CaCla a white pulverulent) 
precipitate jT 

On addition of FejCls a yellowish white pre-) 
cipitate (449, 450) j 


(Cr04y' 
F*, probably. 
(CaOO"*, probably. 
(PO*)"', or(A804y". 



* F will be readily detected in this precipitate, or better in the 
original substance by (452), (C9O4)" by (453). 



Notes on the preceding Table. 

444. 1. Unless the NojCOs solution used in preparing the solution 
for these tests was pure, (SO4)" and (CI)', if detected, may have been 
present only as impurities in the Na^jCOs ; portions of the original sub- 
stance should then be tested by (446) and (447). 

2. The presence of (SiFgy should be confirmed by adding KCl (300), 
or by evolving HF by strong H2SO4 (301); the HF is most readily 
obtained from the BaSiFg-precipitate. 

3. Should AgNOs yield a black precipitate, this proves the presence 
of a sulphide, or possibly of a thiosulphate. Add HNO3 and boil; the 
black AgaS will thus be decomposed, leaving a milky liquid, in which 
any other precipitate is readily seen after being coagulated by heating 
or shaking. 
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filtrate being examined, as is directed in the Greneral Table, 
for Groups IV. and V. 

It must be understood that if no precipitate is produced 
by AmCl and AmHO ; AnigS may be added at once. Any 
precipitate which is formed is then examined by Table 
III.B. ; since in the absence of Group III.a. the members of 
Group III.B. are not precipitated by AmHO in the presence 
of AmCl. 

460. The presence of (PO^)'" in the HCl solutiony which 
has to be examined for Groups III., IV., and V., involves no 
special procedure, if AmHO added after AmCl produces no 
precipitate; since the phosphates of Groups XXL and IV. and 
of Mg must be absent. If, however, on adding AmCl and 
AmHO, a precipitate is formed, the directions given at the 
head of III.D. (466) must be followed, and the precipitate 
must be examined by that Table. 

The reason for this departure from the ordinary course of 
analysis is that, whereas Al, Cr, Ba, Sr, Ca, and Mg, if 
present as phosphates, are completely precipitated by 
AmHO, the phosphates of Ni, Co, Mn, Zn, and Fe, are only 
partially precipitated by AmHO ; their metals are however 
entirely precipitated by AmgS. The filtrate from Am^S 
is then examined as is directed in the General Table for 
Groups IV. and V. 

The principles on which the method drawn out in Table 
XII. D. is founded are : — 

1. The insolubility of the phosphates of Al, Fe, and Cr in 
HA in the presence of an alkaline acetate ; the other portions 
of the precipitate being soluble. 

2. The separation of all the (PO^)'", which is in the HA 
solution combined with Ba, Sr, Ca, or Mg, by the addition 
of FcaClg in an acetic acid solution. 

The further separation of phosphates of Al, Fe^ and Cr 
is somewhat complicated by the fact that AIPO4 is only 
decomposed by fusion mixture when Si02 is also preeent ; 
and this SiOg has to be removed after the fusion by methoda 
which will be intelligible on reference to (292, 291). 
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HCl to a portion of the NagCOg solution (442) until it is 
acid, then AmCl, AmHO in excess, and MgSO^. Filter off 
any precipitate which forms on warming and shaking the 
liquid, and pour a few drops of AgNOg solution upon the 
white precipitate on the filter ; a change of colour to brown 
shows the presence of (AsO^)'". 

450. Phosphate, — Boil some of the original substance with 
dilute HNOg, and add a little of the clear solution to some 
AmHMoO^ solution. Shake and stir the liquid well; and if 
no precipitate forms, warm very gently; a yellow precipitate 
shows the presence of {PO^'". 

If (ASO4)'" has been detected (449), this test for (P04y" is only trust- 
worthy when the yellow precipitate has been obtained either in the 
cold, or by employing a very gentle heat. If any doubt is felt con- 
cerning the presence of (PO4)'", boil some of the substance with strong 
HCl, and examine for (PO4)'" after having entirely separated the 
(ASO4)'" by passing RgS into the boiling HCl solution. A doubtful 
precipitate with AmHMo04 may be proved to contain phosphate 
by dissolving it in AmHO, adding AmCl and MgS04, filtering, and 
dropping AgNOj upon the precipitate; if phosphate is present it turns 
yellow f if arsenate brown, 

461. Borate. — Warm a portion of the substance with a 
little dilute HCl ; dip into the solution a strip of turmeric 
paper, and dry it in a steam-oven or at a gentle heat ; if the 
slip is reddish-hrowriy and becomes blue-black when moistened 
with AmHO, the presence of {BO^'" is shown. 

462. Fluoride, — Pour upon a portion of the powdered 
substance strong HoSO^. Warm the mixture in a leaden or 
platinum crucible covered with a watch glass, which has 
been coated with paraffin wax, and has then had characters 
traced through the film with the point of a penknife. If the 
characters are etched upon the glass (296), the presence of 
F is shown. 

If SiOg is known to be present, the test must be made by 
conducting the gas, which is evolved when the substance is 
heated with strong H2SO4, into dilute AmHO ; a deposit of 
gelatinous H4Si04 proves the presence of F. . 
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463. Oxalate, — Mix the precipitate produced by CaClg in 
III. (443), or the original substance if it contains no car- 
bonate, in a small beaker or on a watch glass with MnOg 
free from carbonate, and with strong H2SO4, and gently 
warm the mixture. If COg is evolved and is detected by 
holding over the bubbles which rise from the mixture a rod 
moistened with lime-water, or by inverting a watch glass 
containing on its under surface a drop of lime-water over 
the vessel containing the mixture, an oxalate is present. 

463 a. Tartrate, — The presence of T will probably have 
been indicated in the Preliminary Examination (388, 
412.9). In order to confirm its presence, any metals of 
Groups I., II., and III. must be separated by HgS or AmgS. 
CaT is then precipitated from the liquid, made just alkaline 
with AmHO and mixed with a little AmCl, by adding excess 
of CaClg, shaking well, and letting stand for some time. A 
precipitate may consist of CaT, Ca3(P04)2, or CaO. By 
shaking this precipitate with cold KHO solution, CaT is 
dissolved and may be reprecipitated from the solution or 
filtrate by diluting and boiling for some time. The liquid 
is decanted and the precipitate is then gently warmed with 
a little very dilute AmHO and a crystal of AgNOg, a metallic 
mirror on the glass shows the presence of a tarl/rate, 

454. Sulphide. — Very small quantities of S may be 
detected by boiling the substance with KHO for some time, 
and adding to the clear solution alkaline PbAg solution, 
when a black precipitate or coloration will appear. 



This concludes the ordinary method of examining a soluble sub- 
stance. The remaining paragraphs of this section treat of special pro- 
cesses which are necessary for the analysis of certain substances. 



469.] PRECIPITATION OF GROUP IH. 273 



KEMARKS ON THE PRECIPITATION OF 

GROUP III. 



459. In the General Table (419) it is assumed that in 
the absence of (PO^)'" the two Sub-groups III. a. and III.B. 
can be separated from one another by adding first AmCI 
and then excess of Am HO to the solution; Group III. a. 
alone being thus precipitated, and Group III.B. being after- 
wards precipitated by adding AmgS to the filtrate. 

It is true that AmCl entirely prevents the precipitation 
of Group III.B. by AmHO, if certain other metals are 
absent, and the solution is kept covered from the air. But 
the members of Group III. a., if they are present at the 
same time in the solution, are precipitated by AmHO ; and 
the presence of AmCl will not prevent Mn and Zn from 
being partially precipitated with them. Mn shows a special 
tendency to be thus precipitated with Fe, and Zn with Or. 

Hence if Mn or Zn be present in small quantity only, it 
may be entirely precipitated in- Group III. a. This is not a 
serious matter in the case of Mn, since it is readily detected 
in the ordinary examination of the precipitate by Table 
IILa. by yielding a green mass on fusion with NagCOg and 
KNO3. But Zn may be entirely passed over; since if it 
had been precipitated with CrgH^Og, its presence would 
certainly not be detected in Table III. a. 

The method of dissolving the precipitate obtained in 
Group III. A. several times in HCl, and reprecipitating it 
with AmHO, to some extent meets this difficulty. But 
it is preferable, when a precipitate is produced on adding 
AmCl and AmHO, and traces of Mn and more particularly 
if Zn have to be tested for, to precipitate Groups III.a. and 
III.B. together, by adding in succession AmCl, AmHO, and 
AmgS, and boiling. The precipitate is then examined by 
Table III.c. (464, 465) for Groups III.a. and III.B.; the 

S 
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filtrate being examined, as is directed in the Greneral Table, 
for Groups IV. and V. 

It must be understood that if no precipitate is produced 
by AmCl and AmHO ; AmgS may be added at once. Any 
precipitate which is formed is then examined by Table 
III.B. ; since in the absence of Group III.a. the members of 
Group III.B. are not precipitated by AmHO in the presence 
of AmCl. 

460. The presence of (PO^)'" in the HCl solution^ which 
has to be examined for Groups III., IV., and V., involves no 
special procedure, if AmHO added after AmCl produces no 
precipitate; since the phosphates of Groups III. and IV. and 
of Mg must be absent. If, however, on adding AmCl and 
AmHO, a precipitate is formed, the directions given at the 
head of III.d. (466) must be followed, and the precipitate 
must be examined by that Table. 

The reason for this departure from the ordinary course of 
analysis is that, whereas Al, Cr, Ba, Sr, Ca, and Mg, if 
present as phosphates, are completely precipitated by 
AmHO, the phosphates of Ni, Co, Mn, Zn, and Fe, are only 
partially precipitated by AmHO ; their metals are however 
entirely precipitated by AmgS. The filtrate from AiUgS 
is then examined as is directed in the General Table for 
Groups IV. and V. 

The principles on which the method drawn out in Table 
III.D. is founded are : — 

1. The insolubility of the phosphates of Al, Fe, and Cr in 
HA in the presence of an alkaline acetate ; the other portions 
of the precipitate being soluble. 

2. The separation of all the (PO^)'", which is in the HA 
solution combined with Ba, Sr, Ca, or Mg, by the addition 

of FcgClg in an acetic acid solution. 

The further separation of phosphates of Al, Fe^ and Cr 
is somewhat complicated by the fact that AIPO4 is only 
decomposed by fusion mixture when Si02 is also preeent ; 
and this SiOg has to be removed after the fusion by methodfl 
which will be intelligible on reference to (292, 291), 
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461. In obtauaing the precipitate for Table TILd., the 
precipitates produced by AmHO and Am^S must be filtered 
and washed separately; since phosphates of Fe^ Zn, Mn, Ni, 
and Co are oonyerted by Am^ into sulphides, with forma- 
tion of ammonium phosphate in solution, and this would 
precipitate Ba, Sr, Ca, Mg as phosphates, even if they were 
not originally present in that condition. This precipitation 
would not only complicate the process of analysis, but would 
also render it impossible to state whether Ba, Sr, Ca, and 
Mg were originally present as phosphates or not. 

The phosphates of Groups III. and IV. and of Mg are 
accordingly first precipitated by AmCl and AmHO; then 
any members of Group IIL& and any remaining traces oi 
phosphates of Group III. are precipitated from the filtrate 
by Am^. The two precipitates are mixed and treated with 
Am^S, which will dissolve away the (PO4)'" from the phos 
phates of Fe, Zn, Mn, Ni, Co, leaving the other phosphates 
undecomposed. Hence, on filtering and testing the filtrate 
with AmCl, AmHO, and MgSO^ the formation of a white 
crystalline precipitate indicates the presence of (PO^)'". 
This indirectly establishes the presence in the original pre- 
cipitate of phosphate of some one or more of the metals 
Fe, Zn, Mn, Ni, Co. 

462. Oxalates, borates, fluorides, and silicates of Ba, Sr, 
Ca, Mg would likewise be precipitated by AmHO in Group 
lU.A. But by the evaporation of the HCl solution after 
passing HgS, H3BO3 and HF are usually volatilised, and 
HgSiOg becomes insoluble. Oxalates are also decomposed 
by a gentle ignition of the solid substance remaining after 
evaporation. 

The best course to be pursued in precipitating and 
examining Group III. will be foimd in (463). 
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RULES FOR THE PRECIPITATION AISTD EXAMINA- 
TION OF GROUPS IILa. AND III.b. 



Refer to (459-462) for the explanation of these Bales. 

463. The following rules may be laid down for precipi- 
tating and detecting members of Groups III.a. and III.B. in 
the HCl solution, a small portion of which has been tested 
for (POJ'" by AmHMoO^ (419) :— 

I. If the addition of AmHO after AmCl causes no pre- 
cijdtate, showing the absence of Al, Fe, Or, and of their 
phosphates, and of phosphates of Ba, Sr, Ca, and Mg ; AnigS 
is at once added, the liquid is boiled ; and any precipitate 
which forms is examined for members of Group III.B. by 
Table III.B. (437). This course is pursued whether (PO^)'" 
is present or absent; since, even if phosphate is present, 
metals of Groups III. and IV. and Mg are not present as 
phosphates. 

II. If the addition of AmHO after AmCl causes a pre- 
cipitate, showing the presence of Al, Fe, Cr; and (PO^'" is 
not present; the plan of precipitation depends upon the 
object of the analyst. 

If small quantities of Zn need not be tested for, the 
method given in the General Table (419) may be followed. 

If traces of Zn have to be tested for in the solution, add 
AmCl, then AmHO and AmgS in excess; boil, filter, and 
examine the precipitate by Table IILCj (464) or IILCj 
(465). The method described in Table 111.0^ gives trust- 
■worthy results, and is to be used for very careful analysis. 
T'he method in Table Ill.Cg is, however, much more simple, 
•nd is sufficiently accurate for general use. 

III. If the addition of AmHO after AmCl causes a pre- 
vitate, and (PO^)'" is present, the method of precipitation 
• 06 adopted, together with the Table for the examination 

^i: the Group precipitate, will be found in (466). 
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464. TABLE HLOi.— THE SEPARATIO]^ OF 
GKOUPS IILa and IIIb BY BaCOg. 

The precipitate may contain Fe, Al, Cr, Zn, Mn, Ni, Co. 
Binse it off tlie filter into a porcelain dish, using as little 
water as possible, add some strong HCl and boil, adding at 
intervals a smaU crystal of KCIO3 until aU is dissolved bijt a 
small quantity of yellow sulphur. Evaporate very nearly to 
dryness, dilute with a little water, and pour, through a filter 
if necessary, into a small flask. Cool, pour in a small quan- 
tity of BaCOg suspended in water, cork the flask tightly and 
shake weU; repeat the addition of BaCOg and agitation 
until the precipitate is distinctly whitened by the excess of 
BaCOg : then shake well and allow the flask to stand by 
corked for at least fifteen minutes, occasionally shaking it 
vigorously. Let the precipitate subside, filter; wash the 
precipitate with a little cold water allowing the washings to 
run through into the filtrate, then wash thoroughly, rejecting 
the washing-water : — 



1. Precipitate may contain Fe, Al, 
Cr, and BaCOa ; dissolve it in as 
little boiling HCl as possible; 
remove Ba from the boiling 
solution by adding boiling dilute 
H2SO1 gradually, imtil after 
allowmg the precipitate to 
settle, a few additional drops 
of acid cause no further pre- 
cipitate (Note 1, below); filter, 
add pure NaHO in excess to the 
filtrate, boil and filter : 



Precipitate: ex- 
amine for Fe 
and Cr by co- 
lumn 2, Table 
III. A (436). 



Filtrate : exa- 
mine for Al 
by Column 1, 
Table III. A 
(436) 



Note 1.— The separation of Ba 
may be neglected here, the preci- 
pitate being at once boiled with 
NaHO : in this case much white 
BaCOa will remain with the Fe203 
after fusion to separate Cr ; it will 
however dissolve with the Fe and 
cause no complication. 



2. Filtrate may contain Zn, Mn, Ni, Co, and 
BaCl2 . Remove Ba by adding to the boilinp 
liquid boiling dilute H2SO4 gradually, until 
the last few drops produce no further pre- 
cipitate in the clear liquid from which the 
BaS04 has been allowed to settle ; filter; 
add pure NaHO in excess to the cold filtrate, 
stir weU and filter : 



Precipitate may contain Mn, Ni, 
Co ; rinse off the filter into a 
porcelain dish with as little 
water as possible, add some 
strong HCl and boil ; evapo- 
rate nearly to dryness, add 
a little strong solution of 

KaAto the liquid, pass H2S 
to saturation, filter : 



Filtrate : pass 
H2S a white 
precipitate 
indicates : 
Presence of 
Zn, 



Precipitate : ex- 
amine for Ni 
and Co ac- 
cording to 
Table III.b, 
column 1 
(437). 



Filtrate: add 
AjnHO in 
excess ; a 
flesh colour- 
ed precipi- 
tate shows : 

Presence of Mn 
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) lines 
across 
pages. 



466. TABLE IILojj.— FOE EXAMINATION OF 

Eemove the precipitate produced by AmCl, AmHO, and AnijS 
pouring in (Mute HCl and gently stirring and shaking the Uqmd: 

filter (see Note 1) : — 



JReHdue if black may 
contain NiS and CoS; 
examine it as directed 
in Table III.3, column 1 
(437). 



Filtrate may contain Al, Fe, Cr, Zn, Mn. Caiefnlly note iti 
of this observation, examine the liqu^ by oolunm I. or IL 



1. The liquid is perfectly colourless : Absence of Or, 

Boil the liquid in the dish for a iew minntes Qntfl it no 
longer smells of HjS, then add a small crystal KClQi and 
boil down to a small buUc ; cool, add NaUO in excess, stir 
well and filter : 



I 



Precipitate may contain Fe, 
Mn. Dry and fuse it on 
platinum foil with !N'a2C0s 
and KNOs ; a blue green 
mass shows : 

Presence of Mn , 

Boil the foil in a porcelain 
dish with water for some 
time, and if any undis- 
solved residue is left, de- 
cant the liquid, boil the 
residue with HCl, and add 
KCyS ; a blood red colora- 
tion shows : 

Presence of Fe (Note 3, 43(J). 



Filtrate maj contain ^ AL 

Divide into two equal parti 

(Note 2X 
Into one portion pass H^ ; s 

white precipitate f (wms at 

once: 

Presence qf Zn , 

To the other portion add 
AmCl in excess, and heat; 
a colourless flocculent j^ 
cipitate : 

Presence of AL 



Note 1. — A mere milkiness, due to the separation of sulphnr, shows fhd 

Note 2. — ^Al and Zn may also be detected without dividing the filtrate 1^ 

colourless flocculent precipitate shows JPresence of Al: this is filtered off and H^ 
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GKOUPS IILa. and IILr, WHEN MIXED. 

from the filter by opening the filter out inside a porcelain dish, 
take out the filter paper, stir well, and if any black residue is left 



colour, vhich is best seen by pouring it into a white porcelain dish, and according to the result 



n. TJu UqtUd has a violet or bright green colour : Presence of Cr . 

Bofl the liquid in the dish until HjS is no longer smelt, drop in a small crystal of KClOa 
and boil down nearly to dryness ; dilute with a little water, poxa into a small flask and 
add BaCOs suspended in water gradually whilst constantly shaking the liquid until the 
excess of BaCOj whitens the precipitate, cork the flask and allow it to stand for not less 
than fifteen minutes, occasionally snaking it well ; filter, wash first with cold water letting 
the washings run into the filtrate, then with boiling water rejecting the washings : 



Precipitate may contain 
Fe, Al, Gr; examine 
it by column 1, Table 
ni.Oi (464). 



Filtrate may contain Zn, Mn ; boil, and whilst boiling add 
hoQing dilute H2SO4 gradually until the last few drops 
cause no further precipitate, filter from BaS04 ; cool, add 
pure KaHO in excess, stir well and filter : 



Precipitate: dry and fuse 
with NajCOs and KNOs on 
platinum foil ; blue green 
mass : 

Presence of Mn , 



Filtrate: pass HjS; white 
precipitate : 

Presence of Zn , 



absence of Ni and Co, and does not render filtration necessary. 

adding to it HCl gradually until it becomes acid, then AmHO until aikaUney a 

passed into the filtrate, a white precipitate shows PrescTice qf Zn • 
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linea TABLE IILd.— FOR EXAMTNATION 

icross 

pages. 466. If (PO4)'" is found in the HCl solution in the General Table 

on addition of AmCl and excess of AmHO, the liquid containing the 

washed weU with hot water. To the filtiate AnigS is added in excess 

Groups rV. and Y. (419, 431). The two precipitates yielded by 

well with a little AnigS, then filtered, and the residue on the filter 

adding MgSO^ ; if this is present Fe, Zn, Mn, Ni, Co, one or more 

The residue left after stirring with AnigS may contain Ba, Sr, 

Or as hydrates or phosphates. Remove it from the filter and heat 

drop in several small crystals of KCIO3, and evaporate very nearly 

of HA and NaA (552. 84), as long as any precipitate is produced. 

Heat gently, and filter while hot : — 



Filtrate : Add FesCl^ (Note 2) drop by drop as long as a precipitate forms, and until tfie 
liquid, after being well stirred or shaken, remains reddish : addition of FejClf in 
large excess must be carefully avoided. Warm gently for some time, filter whiutiiot, 
and wash with hot water : 



Filtrate : Add AmCl, AmHO (Note 3), and AmjS : filter : 



Filtrate : Add Am2C03 : filter : 



Precipitate may con- 
tain BaCOa, SrCOj, 
CaCOa. Examine 
this precipitate by 
Table IV. (438). 

Ba, Sr, Ca, if found 
in this precipi- 
tate, were present 
in the solution as 
phosphates. 



Filtrate may contain 
Mg; after remov- 
ing any traces of 
Ba, Sr, Ca (Table 
439 Column I.) add 
Na2HP04, warm 
and shake well ; 
white crystalline 
precipitate : 
Presence of Mg as 
phosphate. 



Precipitate: examine 
by Table lILo. 
(464, 465) for Zn, 
Mn, Ni, Co, also for 
Al and Cr. 

Test a portion of the 
original solution, or 
the solution of the 
substance in HCl, for 
Fe" and Fe'" accord- 
ing to note 3 (436). 



PredpitaU ooo- 
taining PiePO« 
may be na* 
glected. 



Note 1. — An insoluble residue here may contain SrS04 and 6aS04 and mutt 
sent originally as phosphates. 
Note 2. — A few drops of FegClg may be added to a small part only of the 
>nce for Groups III. and IV. and for Mg, without adding Y^Q\. 
^ote 3. — Since this filtrate has to be tested for Groups III.A and III.B, it 
ysing the precipitate by Table III.c, or by precipitating Groape IILa 
npitates by Tables III.A and III.B (436, 437). 

*" 4. — Since CrP04 is rarely present, this precipitate may generally be testod 
••..v.d by adding AmCl in excess which gives a gelatinous precipititi; 
^v 'CCyS . 
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OF PHOSPHATES IN GEOUP HL 

(419) after precipitating Groups L and IL, and a precipitate fonna 
precipitate is gently heated, filtered quickly, and the precipitate is 
and the solution boiled, then filtered, and the filtrate examined for 
AmHO and by AnigS are transferred to a porcelain dish and stirred 
is washed well. The filtrate should be examined for (POJ'" by 
were present as phosphates. 

Ca, Mg as phosphates ; Fe, Zn, Mn, Ni, Co as sulphides ; and Al, 
it with dilute HCl in a porcelain dish. If this does not dissolve it, 
to dryness. Filter ofif S if necessary (Note 1) ; then add a solution 



Precipitate may consist of FeP04 AIPO4, CrP04 (Note 4). Dry the precipitate on the 
filter, and fuse it for a short time in a platinum crucible or on platinum foil with a 
mixture of finely powdered SiOj, Na^COa, and BINO3. When cold dissolve by boiling 
with a little distilled water, add AmjCOa ; allow to stand for a short time, stirring 
occasionally ; let the precipitate subside, filter : 



Filtrate : add HA 
until the solu- 
tion is acid, boil 
for a short time, 

then add PbA^ ; 
yellow precipi- 
tate of PbCr04 : 
Presence of Cr, as 
phosphate. 

Note. — A white 
precipitate on 

addition of PbAa 
may be disre- 
garded. 



Precipitate may contain H4Si04, Fe and Al as silicates, and 
Fe2Ho6. Acidify with HCl, evaporate to dryness, and heat the 
dry residue gently. Warm with a few drops of strong HCl, add 
hot water, and filter : 



Filtrate: add pure KaHO in excess, boil and 
filter: 



Filtrate : add AmCl in 
excess, boil : white, 
gelatinous precipi- 
tate: 

Presence of Al as 
phosphate. 



Precipitate is brown 
Fe2Hoe: dissolve by 
boiUng with HCl, 
and add KCyS : 
blood-red coloration : 
Presence of Fe as 
phosphate. 



Residue is SiOj 
and may be 
neglected. 



be examined by the latter part of (428): Ba or Sr, if fouud here, were pre- 

filtrate and heated ; if it causes no precipitate the other portion may be examined 

may be examined either by adding AmCl, AmHO, and AmgS together and 
and III. B separately by AmCl and AmHO and by AmgS, and examining the 



by boiling with excess of NaHO, and filtering; AIPO4 will be in solution, and is 
FcjHog remains as a precipitate and is detected by dissolving in HCl and 
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ANALYSIS OF METALS AND ALLOYS. 



467. The metal is first reduced to powder, filings, or 
thin turnings or shavings. After making the following 
Preliminary Examination (468), either of the two methods 
described in (470, 471) may be adopted. 

The first metltod should be employed for the examination 
of a metal or alloy of unknown composition; since all metals, 
even when present in small quantity only, may thus be 
detected. 

In making the solution by the second method, Sn, Sb, Au, 
and Pt are left undissolved, all other metals passing into 
Rolution. It is not however to be recommended as a genercU 
process for examination of metals and alloys, since the fol- 
lowing complications are apt to occur. 

If As is present with Sn, a part or the whole of the As 
may remain in the residue. Pt, if present with a sufficient 
quantity of Ag, may pass entirely into solution; and Sb 
will always partly dissolve. The process however is useful 
in cases where an alloy, known to contain a large proportion 
of Sn or Sb, has to be examined for other metals; since 
these latter are dissolved away at once from the bulk of the 
Sn or Sb. Care must, however, be taken that As is not 
passed over in the presence of Sn. 

Preliminary Examination. 

468. Note the colour of the substance, and any smell 
that may be given oflF when it is rubbed with the hand ; also 
whether it is crystalline or not ; and whether it is attracted 
by a magnet (Fe, Ni, Co, &c.). 

Note the hardness of the metal, by seeing if it can be 
scratched or cut by a steel knife ; also whether on being 
struck smartly with a hammer it breaks to powder (brittle), 
or flattens out (malleable). Then try the following experi- 
ments with separate small portions of the substance : — 

I. Heat with NagCOs on charcoal in the inner blowpipe flame (408, 

404, 405). 
II. Fuse into a colourless borax bead (401). 
f I Try the flame coloration (397). 
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lY. Heat in an ignition tube, and note whether a metallic sublimate 
of Cd, As, or of globules of Hg forms ; or whether S sublimes 
from a sulphide. 

469. P, As and S can frequently only be detected as phosphate, 
arsenate and sulphate by dissolving the substance in strong HNOs, or 
in aqua regia, or by fusing it with EiN'Os and Na^COs and dissolving 
in water, and testing the solution by (450, 449, 446). 

Si can be detected as SiO, by evaporating the acid solution (428). 



Solution and Examination op a Metal or Allot. 

470. Method I. — Pour some rather dilute HCl upon the 
powdered metal in a small flask covered with a watch-glass 
with its concave surface upwards, and heat for some time just 
short of boiling; if the metal dissolves readily, continue 
heating until the metal is completely dissolved, and examine 
the HC51 solution according to the General Table (419). 

Frequently HCl alone does not effect complete solution, 
two or three drops of strong HNO3 should then be poured in, 
and more HNO3 and HCl added occasionally when the action 
ceases or when red fumes are no longer given off on heating. 
When the metal has entirely disappeared, add a little more 
strong HCl and boil as long as any CI or reddish fumes are 
given off; then dilute with a little water, heat to boiling, 
and cool ; filter if there is any white residue : — 



Residue^ if crystalline, is pro- 
bably PbClj, and will be found 
to dissolve entirely if washed 
with sufficient boiling water. 

In this solution the presence 
of Pb is confirmed by adding 
K2Cr04, which gives a yellow 
precipitate soluble in excess of 
KHO, showing Presence of Ph.' 

If any residue is left after washing 
well with boiling water, it is pro- 
bably AgCl ; confirm the pre- 
sence of Ag by pouring upon the 
residue hot AinHO, it dissolves 
completely and isreprecipitated 
on adding HNO3 in excess : — 

Presence of Ag . 



Filtrate (note 1) : dilute largely 
with H,0 (see note 2), and 
whether this causes a preci- 
pitate or not, pass HgS to sa- 
turation into the cold solution ; 
examine any precipitate thus 
produced by Table II. (435), 
and proceed to examine the fil- 
trate for Groups 111., IV., and 
v., as directed in the €reneral 
Table (419). 



Note 1. — If Au and Pt may be 
present, they must be tested for in 
the HgS precipitate, according to 
the directions in (472-474). 

Note 2. — A white precipitate ap- 
pearing on dilution is due to the 
presence of Bi, Sb, or Sn . 



»k 



iSAixas: OF O01CF12X smuxcB. 



t*n 



KCte «:r>r-j WSO*. and bsa* in a szall 
-wiOf^i z^^, ^ Ic*::-^ as acT red fnmee 
KiKuh* -"ill ccrij ; — 



divided metal 
ooToed witlia 
: cue of two 



n. 



««;( 9a/Uf.i//H o/ water. 



.i TfrnOm*. u k^ r add 
f3t«r Urd «:uL t2te 
\jfAiixjt^ must i-wMt T). 
tilt lolknrisf 



Mdt»il,fbes 
the flier vdlviUi 



after ixjUiz4s zt^skriy v> 



■wtalKr «r ftlaefr 1. WUte 



L EwOirdf 
VMp4/er: jmimiUj Pt or Am. 
lABtolTe bj hraiiny in a 
flaik eormd vith 
gLui, wish a little HCl to vUcli 
a f«v dnm of HXC^baTe been 
added, wheneoapletdydi*- 
•olTod «ld more HCl. and bofl 
down is an evaporating barin 
nearij to dfTneai, examine the 
■olmioD for An and Pt Inr (474)^ 
eommenctDg vith the addhioa 
of KQ and nsm« onljthe left 
hand side of the table, linoe 
&D win be absent. 



8b, A», 
a watch . also Pt 



Sn, 
poaribly 
Md An 
hi it 



CMteS)^ 



KoU 1. — Tlie solation is liable to contain small qoantities ci these 
nietabf, which most always be tested for in a earefol analysis. 

jS'oU 2. — BiOCl will often precipitate on dilution, bat the precipitate 
will disaj>i>ear on adding HCl and boiling, being thus easily distin- 
guiAhe'l from the Group I. precipitate. 

Xot^ 3. — If much residue is obtained a small quantity of it may be 
heated in a test-tube with HCl adding KC10„ if it dissolves entirely 
diiwolve the whole of the residue, then examine the solation by Table 
II., coramenciijg at (435 b) : if it refuses to dissolve proceed with the 
rest of the residue as directed below. If the residue is small in quan- 
tity examine it at once as directed below. 

Examination of the Nonrmetallie Residue insoluble, in 
IINOq. — I;ry the residue on the filter at a gentle heat, mix 
it tlioroughly with about an equal quantity of powdered 
Na^COy and XaXOg, and add the mixture gradually to some 
KaNO^ in fusion in a porcelain crucible; then pour the 



* If 11^ iH found in the preliminary examination and small quantities of 
A^ have to bo tested for, the Hg should be expelled by heating the sub- 
staiic'o Ktrorif^ly in a porcelain crucible before dissolving in acid, as 
IlgCNOj), tends to prevent the precipitation of Ag by HCl in Groap L 
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melted substance out into a porcelain dish ; allow it to cool 
then pour upon it cold water and let it stand for some time. 
After crushing the mass with a pestle and stirring it occasion- 
ally, filter, and wash the residue on the filter with dilute 
alcohol, throwing away the washings : — 



ifesidi^ may contain Sn, Sb, Pt, Au. Place 
it in a small porcelain disb, pour in a 
little HCl ana heat, then add water ; 
whether the residue has dissolved or not 
place in the liquid a strip of Pt-foil and 
drop upon it a piece of pure Zn ; re- 
move the platinum strip in a few seconds ; 
if it is stained black Sh is present. "Wait 
until the evolution of H ceases, taking 
care that there is some Zn left undis- 
solved, and adding more Zn if the first 
piece has entirely dissolved. 

The residue in the dish may consist of Sn, 
Au, and Pt ; remove the Zn, rinsing off 
any substance adhering to it into the 
dish, stir the liquid in the dish well, then 
pour off the liquid, carefully leaving the 
residue ; pour in water, stir well, and 
again pour off carefully. Boil the residue 
for some time with strong HCl in a test- 
tube, dilute, decant, add HgClj , a white 
precipitate forms : — Presence of Sn . 

Mesidue : dissolve by warming with HCl 
and HNO3, *^d examine the solution for 
Au and Pt by (474), using only the left 
hand portion of the table. 



Mltrate may contain 
(As04r: add HNOj 
until the solution is 
acid and boil, evapo- 
rating the liquid in a 
dish if very bulky. 
Pour into half this 
solution AgNOgas long 
as it gives any precipi- 
tate, and add gradually 
AmHO diluted with 10 
or 12 times its bulk of 
water, a brown preci- 
pitate shows : — 
Presence of As . 

To the other half of the 
acid solution add 
AmHO in excess, then 
MgS04, and rub the 
inside of the vessel 
with a glass rod ; a 
white crystalline pre- 
cipitate, often appear- 
ing only after some 
time, shows :— 
Ptesence of As, 



SEPAEATION AND DETECTION OF Au AND Pt. 

472. Au and Pt will, in the ordinary course of analysis, 
be entirely precipitated as sulphides in the second Group, if 
HgS is passed for some time into the hot HCl solution ; and 
since these sulphides are soluble in KHO and in AmgS, on 
examining the HgS precipitate by Table IL (435), the Au 
and Pt will pass into the filtrate when the precipitate is 
boiled with KHO or Am2S. No modification of the process 
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described in Table IL is required for the detection of these 
two metals until the examination of the residue in the 
hydrogen flask is commenced. The An and Pt will be pre- 
sent in this residue, associated with Sn if it be present, and 
usually also with at least a part of the Sb (if present), since 
Zn in contact with Pt in an acid liquid causes the separa- 
tion of metallic Sb (193). Accordingly when An and Pt 
have to be tested for, the ordinary course of analysis is to be 
followed until the residue in the hydrogen flask is obtained ; 
and this is examined as directed in (473). 

473. After washing the residue left in the hydrogen flask 
by decantation in a porcelain dish, and removing any excess 
of Zn, boil it with a little strong HGl in a test-tube for 
several minutes, allow the residue to settle, and decant the 
liquid ; — 



474. Residue *: pour upon the reddoe in the dish a litUe HGl, 
add several drops of HNO,, and boil gently retj neariy to 
dryness ; add some KCl somtion and evaporate oooe more 
very nearly to dryness. Pour some absolute alcohol into 
the cool dish and stir weU for a time, allow the pred^tate 
to settle and decant the liquid, wash the in«cipitMe by 
stirring it with a little more alcohol and decant ilie liquid 
when the precipitate has settled ;— 



Precipitate wiU consist of 
yeUow KsPtCl« and excess 
of KCU dissolve it in a little 
boiling water, pour it into 
a white dish, add several 
drops of HCl, then SnCl, : 
an orange red coloration 
confirms the 

Pretence qfPt. 



Solution will be yeUow if An 
is present ; eviq>orate care- 
fully on a water^bath Just to 
dryness, dissolve in a little 
water and add a few drops 
of freshly prepared ttBO^ 
solution. Au will be pre- 
cipitated in a fine powder, 
causing the liquid to appear 
reddish by reflected and 
blue by transmitted li^t :— 

Pretence of Au , 



SoUuHen: to one 
pari add Hgdt 
a white pred- 

Sitate, which 
oesnotnypear 
at onoe if only 
traces of Sn are 
it: 
qfSfn. 

Toot the oUMr 
p«ri of this 
solution Into a 
porcelain dirii, 
munefse Inlta 
strip of Pt and 
drop a pleeeof 
Zn<MitnePt; a 
blade stain oa 
the Pt diows:— 
Premn e t qfSb . 



* If Sb has not been detected already in the predpitato prodaoed bj 
the gases in AgNO, solution (435 b) this reddue shouM be examined far 
Sb, as the Sb instead of having been given off as SbH^ may haTe beea 
deposited on the Pt or Am. Boil it once more for some time with ftrong 
HCl to remove all Sn, wash the reddue well by decantati<m «nd boil it in 

the dish with H^T adding a few drops of HNO„ decant, «nd test the Uqoll 
for Sb by adding HCl and passing H^ : the reddue ie tlMQ •»**»^H at 
above (474). 
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EXAMINATION OF SUBSTANCES INSOLUBLE IN 

WATEE AND ACIDS. 

475. An insoluble substance may consist of one or more of 
the following substances, all of which are white except EejOg, 
CrjOg, FeCrgO^, PbCrO^, S, C, native SnOg and CaFg, and 
AgCl which has been exposed to light 

In the following list those substances which are embraced in brackets 
( ) ma.y possibly be present, those in square brackets [ ] improbably 
because they are soluble in water. 



1. BaSO^ 

2. SrSO^ 

8. [Ca^OJ 

4. (PbSO^) 

5. FbOrO^ 

6. [PdC7J 



7. AgCl 



]{ 



8. 


SiO^ 


9. 
10. 
11. 

12. 
18. 
14. 


(AhO^i 

iCr^O,) 
FeCrfi. 

Sb^O^fSb^ 


16. 


CaF^ 


16. 


8 


17. 


C 



] 



Oa 



Insoluble in water and acids. 
Insoluble „ „ 

Not perfectly insoluble in water, soluble in hot 
HOI, and should therefore pass into the acid 
solution. 

Insoluble after being strongly heated. 

Soluble in boiling water, and should therefore 
have been remoyed if the residue was well 
washed with boiling water. 

This may have been originally present as snch. or 
may haye been deriyed from the use of HCl in 
making the solution, or by the action of aqua 
regia on the insoluble suMtances AgBr, Agl, 
AgCy, AgeFeaCyui, Ag^FeCye- 

Either uncombined, or as a sihcate. 

Insoluble after being strongly ignited, bat 
usually dissolyed by long boiHng with strong 
HCL 

Chrome iron ore, natiye. 
Natiye or ignited. 

Also a few other fluorides, uid some metaphos- 

Dhates and arsenates. 
Yellow, slowly soluble in strong HNO„ giying 

red fiimes, and yielding H^SOi. 
Black, and quite insoluble. 



I*- 



If sufficient of the substance is at disposal, the preliminaiy ezamin- 
ation (476) may be made on a portion of it. In case the quantity 
of substance is small, howeyer, the whole of the sabstance most be 
•mployed for the examination by fusion (477). 
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described in Table IL is required for the detection of these 
two metals until the examination of the residue in the 
hydrogen flask is commenced. The An and Pt will be pre- 
sent in this residue, associated with Sn if it be present, and 
usually also with at least a part of the Sb (if present), since 
Zn in contact with Pt in an acid liquid causes the separa- 
tion of metallic Sb (193). Accordingly when An and Pt 
have to be tested for, the ordinary course of analysis is to be 
followed until the residue in the hydrogen flask is obtained ; 
and this is examined as directed in (473). 

473. After washing the residue left in the hydrogen flask 
by decantation in a porcelain dish, and removing any excess 
of Zn, boil it with a little strong HGl in a test-tube for 
several minutes, allow the residue to settle, and decant the 
liquid : — 



474. Residue *; pour upon the restdoein the dish a Utile HGl, 
add several drops of HNO,, and boil gently Tery nearly to 
dryness ; add some KCl solution and evaporate once more 
very nearly to dryness. Pour some absolute alcohol into 
the cool dish and stir well for a time, allow the precipitate 
to settle and decant the liquid, wash the precipitate by 
stirring it with a little more alcohol and decant toe liqnia 
when the precipitate has settled ;— 



Precipitate will consist of 
yellow K«PtCle and excess 
of KCl, dissolve it in a little 
boiling water, pour it into 
a white dish, add several 
drops of HCl, then SnClg : 
an orange red coloration 
confirms the 

Presence of Pi. 



I 



iSMiction will be yeUow if An 
is present ; evaporate cftre- 
fuUy on a water^bath Just to 
dryness, dissolve in a little 
water and add a few drops 
of freshly prepared FeSOf 
solution. Au will be pre- 
cipitated in a fine powder, 
causing the liquid to appear 
reddish by reflected and 
blue by transmitted light:— 

Prewmeeof Au, 




SMuHan: to one 
pari add 
a wUte 
pitate, which 
does not appesr 
at OBoe if only 
traces of Sn are 
present: 
PreaeneeqfSfn, 

Poor the other 
part of this 
sdutkni into a 
porcelain dldi, 
mimflfse in It a 
strip of Pt and 
drop a pieoeof 
ZnonthePt; a 
hlMsk. stain on 
the Pt shows:— 
Prsmn e s qfSb . 



J 



* If Sb has not been detected already in the precipitate produced hj 
the gases in AgNOg solution (435 b) this residue shonld be examined for 
Sb, as the Sb instead of having been given off as SbH^ may haTe been 
deposited on the Pt or Au. Boil it once more for eome time with ttamg 
HCl to remove all Sn, wash the residue well by decantation sod boil it in 

the dish with H^T adding a few drops of HNO3, decant, and test the '. 
for Sb by adding HCl and passing H^ : the raddae ii then 

above (474). 
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EXAMINATION OF SUBSTANCES INSOLUBLE IN 

WATEE AND ACIDS. 

475. An insoluble substance may consist of one or more of 
he following substances, all of which are white except EejOg, 
JigOa, FeCrgO^, PbCr04, S, C, native SnO^ and CaFg, and 
igCl which has been exposed to light. 

In the following list those substances which are embraced in brackets 
) may possibly be present, those in square brackets [ ] improbably 
)ecause they are soluble in water. 



1. BaSO^ 

2. SrSO^ 

8. \GaSO;\ 
4. XPbSO^) 

6. PbOrO^ 
6. [P5C7J 



}( 



] 



7. AgCl 

8. SiO^ 

9. (Alfi^ 
10. {Fefi^) 
IL (Cr^O,) 

12. FeCr^O. 

13. iSnO^) 

14. Sb^O^,Sb^O^ 

15. CaP^ 

16. 8 

17. (7 



Insoluble in water and acids. 
Insoluble ,, ,, 

Not perfectly insoluble in water, soluble in hot 
HCl, and should therefore pass into the acid 
solution. 

Insoluble after being strongly heated. 

Soluble in boiling water, and should therefore 
have been remoyed if the residue was well 
washed with boiling water. 

This may have been originally present as such, or 
may have been derived from the use of HCl in 
making the solution, or by the action of aqua 
regia on the insoluble substances AgBr, Agl, 
AgCy, AgeFcaCyia, Ag^FeCyg. 

Either uncombined, or as a silicate. 

Insoluble after being strongly ignited, but 
usually dissolved by long boiUng with strong 
HCl. 

Chrome iron ore, native. 
Native or ignited. 

Also a few other fluorides, and some metaphos- 

Dhates and arsenates. 
Yellow, slowly soluble in strong HNOj, giving 

red ^imes, and yielding HtSOi. . 
Black, and quite insoluble. 



/•< 






If sufficient of the substance is at disposal, the preliminary examin- 
ktion (476) may be made on a portion of it. In case the quantity 
)f substance is small, however, the whole of the substance must be 
employed for the examination by fusion (477). 
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described in T&ble IL is nqmred for the detection of tfaese 
two metale until the ezaminadon of the midiie in the 
bjdrogen fl^k Ib commenced. The An and Pfc vill be pie- 
Bhut in tbi£ reeidtiig, associated with Sn if it be pzeseni, and 
UstuJIj also with at least a part of the Sb (if pceeent), since 
Zn in contact witb Pt in an acid liqnid eanseB the separa- 
tion of metallic Sb (193;. Aooordin^j when An and Pt 
have to be tested for, the cndinary coiuse of analysiB is to be 
followed imtil the residue in the hjdrogen flask is obtained ; 
and this is examined as directed in (473). 

473. After washing the residue left in the hydrogen flask 
by decantation in a porcelain dish, and removing anj excess 
of Zn, boil it with a little strong Hd in a test-tube for 
several minutes, allow the residue to settle^ and decant the 
liquid : — 



474. Bestdwe*:jMnrnwniheTtaidJieinfhtdiAt^UtQeB!CU 
add lerenl drr>pt of hNO*, and bofl gently retjntaxljto 
dryneM ; add lome KCl sohition and ermpanie ooee mora 
rerj oetaiw to drjneM. Poor some abaolute alcohol into 
the cool duh and stir well for a time, allow the praeipitate 
to settle and decant the liqaid« waah the prectoitate hy 
stirring it with a Uttie more aleofaol and decant the Uqnid 
when the precipitate has settled ;— 



PreeipUaU wiU consist of 
yellow KfTUn^ and excess 
of KCU dissolve it in a Uttle 
boiling water, pour it into 
a white dish, add sereral 
drops of HCl, then BnCl« : 
an orange red coloration 
conflmis the 

Pretence of Pi. 



SoluUen will be jeDow if An 
is present; eTiq>orate care- 
fully on a water-bath jost to 
dryness, dissoWe in a little 
water and add a few drops 
of freshly prepared FeSOf 
eolation. An will be pre- 
cipitated in a fine powder; 
causing theliqaid to appear 
reddish by reflected and 
blue by transmitted li^t>- 

Pretenee of Au , 



StimHam: to one 
part add HgCI, 
a white pracf 
which 



Iocs not «n)ear 
at oooe if only 
traces of Sn are 



q^Ai. 



Poor 



the othv 
of this 
solution into a 
poreeUdn dkh, 
mu newa inita 
strip of Pt and 
drop a pleeeof 
Zn<mthePt; a 
black stain <m 
the Pt 8howB^-- 
Pretemee of 8b , 



* If Hb has not been detected already in the precipitate prodnoed by 
the gases in AgNO, solution (485 b) this residue should he examined for 



Bb, as the 8b instead of hAving been given off as SbH^ may have 
deposited on the Pt or An. Boil it once more for some time with atroDg 
HCl to remove all Sn, wash the residue well by decantation and hoil it in 
the dish with H,T adding a few drops of HNO„ decant, and tast the limiii 
for 8b by adding UCl and passing H^ : the raddne ia then — ****nt4 at 
above (474). 
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EXAMTNATIOlSr OF SUBSTANCES INSOLUBLE IN 

WATEE AND ACIDS. 

475. An insoluble substance may consist of one or more of 
the following substances, all of which are white except ^efi^ 
CrjOg, FeCrgO^, PbCr04, S, C, native SnOg and CaFg, and 
AgCl which has been exposed to light. 

In the following list those substances which are embraced in brackets 
( ) may possibly be present, those in square brackets [ ] vmprohahly 
because they are soluble in water. 



1. BaSO^ 

2. SrSO^ 

8. [CaSO^ 

4. (PhSO^) 

5. PbOrO^ 

6. [P5C7J 



7. AgCl 



]{ 



8. 


SiO^ 


9. 
10. 
11. 

12. 
13. 
14. 


FeOr^O. 
(SnO^) 


16. 


CaF^ 


16. 


8 


17. 






I 



0, 



Insoluble in water and acids. 
Insoluble „ „ 

Not perfectly insoluble in water, soluble in hot 
HOI, and should therefore pass into the acid 
solution. 

Insoluble after being strongly heated. 

{Soluble in boiling water, and should therefore 
have been removed if the residue was well 
washed with boib'ng water. 
This may have been originally present as such, or 
may have been derived from the use of HCl in 
making the solution, or by the action of aqua 
regia on the insoluble sullstances AgBr, Agl, 
AgCy, AgeFeaCyu, Ag^FeCy,. 
Either uncombined, or as a sihcate. 

Insoluble after being strongly ignited, hat 
usually dissolved by long bolHng with strong 
HCL 

Chrome iron ore, native. 
Native or ignited. 

Also a few other fluorides, uid some metaphos- 

nhates and arsenates. 
Yellow, slowly soluble in strong HNO„ giving 

red fiimes, and yielding H^SOi. . 
Black, and quite insoluble. 



If sufficient of the substance is at disposal, the preliminaiy examin- 
ation (476) may be made on a portion of it. In case the qoantity 
of substance is small, however, the whole of the sabetance most be 
employed for the examination by fusion (477). 
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Preliminabt Examination of Insolublb Stjbstanobs. 

476. The substance must be in the state of dry powder. Make a 
careful examination of it with a pocket lens. Ezpts. L and IL need 
only be made if the substance is light in colour. 



Experiment. 



I. Observe whether the 
substance darkens when 
allowed to stand in the 
light for some time. 



II. Pour a little AmjS 
upon a portion of the 
substance on a watch 
glass. 



III. Heat some of the sub- 
stance with a little water 
and a small piece of KCy ; 
filter ofif, keeping the 
residue; to the filtrate 
add AmjS. 



IV. Wash the residue from 
Exp. III. well upon the 
filter:— 

a. It is white; drop AmjS 
upon it. 

h. It is dark coloured : add 

water and H2T, and boil 
after adding AmHO in 
excess ; filter, to the fil- 
trate add hX in excess 
and K2Cr04 . 



v. Take up some of the 
substance upon a mois- 
tened loop of platinum 
wire ; heat it for a short 
time in the inner blow- 
pipe flame, then moisten 
with a drop of strong 
HCl, and hold in the 
outer part of a Bunsen 
flame. 



n. Ileat in a small test- 
tube or ignition-tube,then 
Btronsly on a piece of 
porcelain or broken glass, 
w on platinum foil. 



Observation. 



The colour changes to violet 
or black. 



The substance blackens ; 
pass on to III. 

The substance does not 
blacken ; pass on to Y., 
omitting III. and lY., since 
Pb and Ag must be absent. 



A brownish precipitate. 



The residue blackens. 



A yellow precipitate, solnble 
inKHO. 



A reddish yellow coloration, 
dusky green when seen 
through the indigo prism. 

A crimson red coloration ai>- 
pearing de^ red through 
the indigo prism. 

A yellomsh green coloration. 
These colorations may often 

be seen in succession and 

further distinguished by the 

spectroscope. 



A yellow sublimate forms' on 
the sides of tube. 

When strongly heated the 
substance smoulders, and 
ultimately bums away. 



Inferonoe. 



Fresenoe of AgCl , 



Presence of Fb or Ag. 



Presence of AgCl . 

Cortfw. On warming some 
of the substance wUb 
AmHO, fllteiing, sad 
adding excess of HNQi 
to the filtrate, a white 
precipitate formi, 
which, when shaken 
well or heated, ooagit 
lates into flocks. 



Presence of PbSOi or 
FbCls. 



Presence of IbSOi or 
Pbd,. 



Presence ofCs 



Presence 
Presence 



Ojg^fsUlS 

ofBaJ 



solphale. 



Presence of S. 
Presence of 0. 
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Experiment. 


Obeerration. 


UuOtOIlOB^ 


YII. Heat with strong 
H0SO4 in a platinum cm- 
ciole or leaden cup co- 
yered with a watch glass 
(296): or if a silicate is pre- 
sent examine by passing 
the gas into AmHO (297). 


The glass is etched. 

A gelatinous precipitate is 
obtained in the AmHO . 


PreseBce olT» 


Yin. Fuse some of the 
substance in a bead of 
KaAmilJf04, first in the 


Particles are seen floating 
undissolved in the melted 
bead. 

Oreen cdlovared bead. 

Beddishbroum bead, colour- 
less when cold, and be- 
coming greenim in the 
inner flame. 


Presence of SiO,(48(^ 
Presence of Gr. 

Presence d 7e . 


outer then^in the inner 
blowpipe flame. 



Examination of Insolublb Sukstanobs. 

477. Mix the finely powdered substance'^ with five or six 
times its bulk of fusion mixture, and heat the mixtoie in a 
small covered porcelain cruciblet until it melts ; keep it in 
fusion for at least ten minutes. AUow the crucible to cool, 
then pour some water into it and allow to stand or boil until 
the solid mass is loosened from the crucible ; boil this in a 
porcelain dish with distiUed water, cruduBg the mass hy 
pressure with a pestle if it does not quickly fiedl to pieces. 
Allow the residue to settle, pour ofi^ the solution through a 
filter, and boil the residue with a little more water ; pour off 
through the same filter, adding this filtrate to the former one. 

For the examination of the undissolved residue see (478), 
for the filtrate (479). 

478. Residue on the filter ; wash well with. boiliDg water, 
then make a hole in the bottom of the filter, wash the residue 
through into a test-tube by pouring upon it a little boiling 



* Which, if it is found by Exp. VI. to contain free S or C, must first be 
heated strongly for some time in an open porcelain crucible. 

t If Pb and Ag have been proved to be absent by the preliminary tests, 
or if they have been first removed by boiling the substance with KCy 

solution, then with H^Tand excess of AmHO and washing well, a platinum 
crucible may be used. The use of a platinum crucible is preferable, since 
after fusing in porcelain small quantities of AI3O3 and SiOg will always be 
found, being derived from the action of the Na^COs on tiie glaze of the 
porcelain. 

T 
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dilute HNOg (note 1), and boil; the residue dissolyes 
entirely if the fusion has been continued sufl&ciently long 
(note 2). Filter if necessary, and examine the solution by 
the General Table (419); bearing in mind that only the 
metals enumerated in (475) are likely to be present (note 3). 

Note 1. — If Ag and Pb are known to be absent by the preliminary 
experiments, HCl may be used for dissolving the residue, and is pre- 
ferable ; if effervescence is produced by the acid the presence of Ba, 
Sr, Ca or Mg is proved. 

Note 2. — A residue here may consist of chrome iron ore. This may 
be dissolved by heating with HNO3 and KClOs, and the solution tested 
by the General Table, when Or and Fe will be found. 

Note 3.-^It is best to evaporate the solution quite to dryness before 
testing for Group III., using a water-bath towards the end if the 
substance spirts. This is always necessary if SiOg is present in the 
substance, since it sometimes passes into the acid solution, and is 
completely separated from this solution by the process of evaporation 
(291). 

479. Aqueous solution of the fused mass, — Divide this 
solution into two parts a and b. 

A. Add HCl until the liquid is distinctly acid, and eva- 
porate in a porcelain dish to dryness, finishing the process 
on a water-bath if necessary to avoid spirting. Then con- 
tinue to heat the dish gently until the residue is quite dry. 
Pour in a little strong HCl and warm, dilute and heat again ; 
an insoluble residue shows presence of 8102- 

Filter, and examine the filtrate by the General Table (419), 
more particularly for Al ; but other metals, such as Cr, Mn, 
Zn, Sn, should also be tested for, since their oxides are sol- 
uble in alkalis, and may therefore pass into this solution. 

B. Test separate portions for the following acid-radicles as 
described below. Unless the fusion mixture employed was 
tolerably free from chloride, sulphate and phosphate, tests 1, 
2, and 4 may be of little value. 

1 . Chloride : acidify with HNO3 and add AgNOg ; white 
precipitate, easily soluble in AmHO. 

*. Sulphate : acidify with HCl and add BaClg ; white pre- 
cipitate, insoluble on boiling. 
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3. Chromate : acidify with HA and add PbAg ; yellow pre- 

cipitate. A chromate is also seen by the yellow colour of 
the solution. Cr thus detected may have been present 
acting as a metal or as a constituent of an acid-radicle. 

4. PJiosphate: acidify with HNO3, *^^ * ^®^ drops to 

some AmHMoO^ solution, and warm gently ; a yellow 
precipitate forms, often only after a time, or on gently 
heating. If As has been found on passing HgS into the 
hot HCl solution, (PO4)'" must be tested for in a portion 
of the filtrate after boiling off HgS, else the above 
yellow precipitate may be due to (AsO^)'". 

5. Fluoride : add HCl in excess to a part of the solution, 

stir well, and let stand until the COg has escaped; then 
add AmHO in excess, then CaClg as long as it produces 
any precipitate, and let stand for a time ; filter off, dry 
the precipitate and examine it for F by pouring strong 
H2SO4 upon it in a platinimi crucible covered with a 
watch glass (296). 
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ANALYSIS OF SILICATES. 

480. The presence of silica is shown by (382) or by Exp. 
VIII. in the Preliminary Examination of insoluble substances 
(476). When silica has been found it becomes necessary to 
examine for aU metals ; since many silicates which are soluble 
when alone, become insoluble when they are mixed or com- 
bined with insoluble silicates. 

Many silicates are entirely decomposed by heating them 
with strong HCl for some time just short of boiling. K the 
decomposition is complete, only a colourless residue of silicic 
acid will remain, and this may be identified by its solubility 
in hot Na2C03 solution. 

If the silicate is not completely decomposed by hot strong 
HCl, it is treated as is directed in (477-479) ; remembering 
however that all metals may be present. 

481. Since Na and K cannot be tested for in the solution 
obtained after fusion with alkaline carbonates, a separate 
portion must be examined for these metals by one of the two 
following processes. The materials used in the tests must 
be perfectly free from K and Na. 

Method I. — The finely powdered silicate is mixed with its 
own weight of sublimed and crystallised NH^Cl in powder, 
and with eight times its weight of pure CaCOg (see below). 
The mixture is gently heated in a platinum crucible for a few 
minutes, and finally kept at a bright red heat for twenty or 
thirty minutes. The mass will not fuse as a whole, but the 
fused CaClg will dissolve sufl&cient CaO to bring this into 
contact with the silicates and decompose them. 

The cool substance, after being turned out of the crucible 
if possible, is boiled with water for some time after it has 
crumbled by the slaking of the CaO. The liquid is then 
filtered, and AmgCOg solution is added to the filtrate untU 
it causes no further precipitate of CaCOg . The filtrate from 
this precipitate is evaporated considerably and freed from 
traces of Ca by the addition of AmgCgO^ . The clear solution 
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will now contain K, Na, Li, if they were present^ as chlo- 
rides; they may be tested for by the right hand side of 
Table V. (439), and by the spectroscope (42). 

The pure CaC03 required for this process is prepared by dissolying 
marble iu HCl, and then adding ' powdered marble in excess and 
warming. The solution is then mixed with lime water or mUk of 
lime until it is alkaline in reaction : magnesium, calcium phosphate 
and iron are thus precipitated. This solution is heated to about 75** C , 
and warm AmgCOs solution is added until it causes no further preci- 
pitation. The precipitated GaCOg is filtered off and washed well on 
the filter. 

Method II. — Evaporate the powdered substance several 
times in a platinimi dish or crucible either with hydrofluoric 
acid and subsequently with strong HgSO^, or with five tinies 
its weight of finely powdered calcium fluoride mixed into a 
paste with strong H^SO^. In either case the mass is finally 
heated until no more white fumes are evolved. The cool 
residue is then boiled with water ; BaClj solution is added 
as long as it causes any precipitate ; then AmHO is added in 
excess, and Am2C03 solution is poured in as long as it causes 
any precipitate. The precipitate is filtered off, and the 
filtrate is examined for K and Na by Table V. (439), and by 
the spectroscope (42). 
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ANALYSIS OF SUBSTANCES OOXTADONG 

CYANOGEN. 

482. If the substance to be analysed is foond to contain 
cyanogen (381), the usoal course of analysis must frequently 
be somewhat modified, since the presence of cyanogen might 
produce confusing results. 

The cyanogen may be present as a cyanide, sulphocyanide, 
ferrocyanide, ferricyanide, cobalticyanide, and rarely as a 
manganocyanide or chromicyanide. It is necessazy first to 
ascertain in what form the cyanogen occurs, by tzying the 
following preliminary experiments on a small portion of the 
substance. 



Preldiixary Examinatiox. 



483. Boil a portion of the substance for several minutes 
with KHO solution ; then add some NagCOg solution as long 
as it causes any precipitate, and boil again for several 
minutes ; filter, make the cold filtrate just acid iiith HCl, 
filter if necessary, and test separate portions as follows : — 



Seagent added. Result. | Inference. 



I 



(Blue precipitate Presence of (FeCy^r 

1. FeSOj solution . . . , -^ , (FeCye)j»i. 

(White precipitate . ' Probable presence of 

I (CoCye)j»i. 

„ ^ ,., ... r Blue precipitate | Presence of (FeCy8>T. 

2. I- e dissolution . . • i Blood red coloration | Presence of (CySy. 

3. Add ZnS04 solution as long ' Pgulfe"^"^ ^^^^" } ' ^^resence of (FeCy«)a^. | 

as it causes any precipitate. ^ \y/(^^ precipitate * . | Presence of (FeCy^r, 

The precipitate produced by ) ; (CoCy«)5Ti. 

ZnS04 should be filtered off (A blue bead is pro- \ | p-eap„«,ftf /nnPv-\.Ti 
and fused into a colourless f duced . . hi "'e8enceol(CoCy«)jTi. 

borax bead. ) i 



484. If a simple cyanide only is present the ordinary 
course of analysis is pursued, but it will be necessary to 
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remove HCy by boiling the solution for some time after 
adding an acid (418, 419). 

If a sulphocyanide is foimd by the preliminary tests, it 
may usually be decomposed in the portion of the substance 
which is to be examined for metals by pouring strong HNO3 
upon it in a porcelain dish and boiling down nearly to dry- 
ness. The liquid is then diluted and boiled, and may be 
considered as solution III. (418), any undissolved residue 
being treated as is directed in the Table. 

485. Should the preliminary tests have proved the pres- 
ence of ferro-, ferri-, cobalti-, chromi-, or mangano-cyanide, 
two methods of procedure are open to the analyst. Either 
the cyanogen may be removed from the substance before 
commencing the analysis (486); or the substance maybe 
examined without any such preliminary treatment (487). . 

The advantage of employing the more complicated method 
in (487) is that it enables the analyst to decide whether the 
metals are present in cyanogen acid-radicles or not, and it 
yields a more precise knowledge of the constitution of the 
substance. 

486. Method I. — If cyanogen is present only as a simple 
cyanide or sulphocyanide, either of the following two pro- 
cesses may be used for removing it from the substance 
before analysis; the substance may then be examined for 
metals in the usual way. 

1. Pour upon the powdered substance strong HgSO^ in a 
porcelain crucible, evaporate to dryness and ignite the 
residue strongly; when cold, dissolve it by heating with a 
little strong HCl, adding water and heating again. 

2. Fuse the substance in a porcelain crucible with three 
or four times its weight of a mixture of 3 parts of AmgSO^ 
and 1 part of AmNOg : the residue left in the crucible will 
be free from cyanogen and may be subjected to ordinary 
analysis. 
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w lines 487. Method II, (FreBeniuB). — Boil the aubatance wibh water, 
ti^9^ to tlie filtrate : — 



eapeufaUychealknlia, 



Tha onid - radh 
thoDiabeflntCea 
lor in 0. portion 



Jea will then 
General Ta>>lc. 



tlie presence ol Eg in the proolpi- 

tnli? by hentlng W witli Na,CO, in 

nbolb-tabeflff). 

ID filtrate (or solutioii U EgS ia 

absent) ia erapoToted to dryneu, 



Cu by Table 



it an; precipitate cmlinos 



Prccipllalf : boll wl 
KJIO, fljler o« Ki . 
blnok proctplCate 

Bg by heatms It 

with NluOO, Id ■ 

bulb-tabe aiT). 

' Add to the flltnEe or 

•olation HC 

It la Boid, pj 



Id, paaB^ 
nUon, ud 



, Mq, K1, 

bis m,o. 



«7.] 



OTAVOmS COHPOmiDS. 



filter, and wash the leeidne with boiling water, adding the ^ 



le NagCO, lolittlon aa long ai It 



to pan the gm uatil the 


liquid le utnnted, than add more 


Kuidw.-dli 






HNOi gradnally until tha liquid la ]nit add, paia H^ to 


,rw 


POtfoU ; DiTide inio two parts, a, /} >- 


.„.«_j 


a. Bamme for oeid isdi- 
eles Id the niual way 

ZnSO,, fllterlDg and try- 
ing whelhsT til? nrecliil- 

sags.-""" 


"SSIST""' 






FillraU: ad. 
ilify a portion 
if ,Mow, 
with HA and 
add PhAfc a 

fltatrS^a 
then AttHO 

























I longer gires anr piedpitate in the liqxid . 
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EXAMPLE OF E5TRT 
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EXA^CPLE SHOWING HOW TO ENTEE THE 
RESULTS OF ANALYSIS OF A (X)MPLEK 
SUBSTANCE. 



488. The substance given for analysis consisted of a 
powder containing pink, blue, white, and black particles. 
It smelt faintly of ammonia. 

Preliminary Examination for Metals. 



£xx>eriineiit. 



EXPT. I.— Heated in 
small dry test-tabe. 



a 



Con/y.— Held in the 
upper part of the tube a 

f;las8 rod with a drop of 
ime water hanging on 
its end. 



Confy.—BoWed a portion 
of the substance with 
KHO solution. 

Con/i/.— Heated strongly 
another portion of the 
dried substance with 
Na^COa in a bulb-tube. 



Observation. 



V,\i\ II.— Heated a por- 
tion of the substance on 
a loop of platinum wire 
in the Bunsen flame, 
moistened witli 11 CI and 
heated again in the 
flame. 

Heated for some time in 
tlio tip of the inner 
blowpipe flame, moist- 
ened with UCl, and 
again lield in the 
Luuseu flame. 



InfereDOO. 



Water given oflf which 
turned red litmiu-iwper 
blue. 

Strong smell of NH3 gas. 

Substance blackened, no 
smell of burning. 

Slight white sublimate. 

The lime water became 
milky. 

Brown nitrous fumes 
evolved, recognised by 
their smell. 

Cl-gas evolved, found by 
smell and bleaching 
litmus. 

NHa gas was evolved, re- 
cognised by its smell, 
and by giving white 
fumes with strong HCl. 

No mirror formed. 



Bright yellow flame. 
Tlie flame appeared 

crimson through the 

indigo-prism. 



Crimson col"- appearing 
intense red through the 
indigo-prism. 

Bright green col»- with 
blue core. 



Ares, of HjO. 

Pre«.of NH4. 
Pres. of NH4. 
Prob. prM of Go, Co, and 

abs. <rfTandA. 
Pres. of As, NH4, Hg. 
COg evolved. 

Pres. of nitrate. 
Pres. of CL 



Pres. of NH4. 
Abs. of Hg and As. 



Pres. of Na. 



Pres. of K. 



Pres. of Sr. 
Pres. of Co. 
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Expt. 


Obseryation. 


Inference. 


ExPT. Hi.— Heated apor- 


The greater part of the 




tion of the substance on 


substance fused readily, 




charcoal in the inner 


and was absorbed by the 




blowpipe flame. 


charcoal. 


Fres. of a salt of K, Na. 




Deflagration occurred. 


Fres. of ohlorafee, nitrate. 




A red metallic residue re- 






mained. 


Free, of Ca. 


Confy.—TvLBed in a clear 


In the outer flame a bead's 




borax bead in the outer 


green whilst hot, blue 




and inner blowpipe 


when cold. V 


Pres. of Cu 


flames. ' 


In the inner flame red 
and nearly (^xique. J 




Confy.— ¥xiaed on pla- 


No bluish ^een or yeUow 




tinum foil with NaaCOa 


mass on cooling. 


Abs. ofMnandCr. 


and KNO3. 






Confy.— Tused on char- 
Goal in the inner blow- 


Bed metallic residue. 


Fres. of Cu. 


A portion placed on a 




p^e flame withNaaCOa. 


silver coin and moistened 






gave no black stain. 


Abs. of S. 



Pbeliminart Examination fob Aoid-badioles. 



Expt. 


Observation. 


Inference. 


RXPT. I.— Added dilute 
HCl without heating. 

Heated to boiling. 


A colourless gas was 
evolved, which was free 
from smell, and turned 
a drop of lime water 
milky. 

Gl was evolved, recog- 
nised by its smell and 
by bleaching moist 
Utmus-paper. 


Fres. of carbonate. 
Abs. of sulphite, hypo- 
chlorite, dkc 

Fres. of nitrate, chlorate, 
or some other oxidising 
substance. 


Expt. II —Added strong 
H2SO4 . 

Coi\fy. — Dropped in 
copper turnings and 
heated. 

Heated strongly, cooled, 
and rinsed out. 

Confy. — Boiled a portion 
of the substance with 
water, added strong 
fl2S04, cooled and 
poured in FeS04 solu- 
tion carefully. 


A bright yellow chlorous 
gas evolved, which 
crackled when warmed. 

Beddish brown fumes 
evolved. 

The tube when drv was 
seen not to be etched. 

A brown ring formed on 
the surface of the acid. 


Fres. of chlorate. 
Fres. of nitrate. 

Abs. of fluoride. 
Fres. of nitrate. 



Examination fob Metals in the Wet Way. 

Boiled a portion of the substance with FcgClg, FeSO^ and 
KHO, added HCl in excess, no blue pp.: — Absence of Cy. 
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EXAMPLE OF ENTRY 



[iSl 



across* Boiled a portion of the substance with water ; as it did not con 
I pages, upon the undissolved residue : effervescence occurred, and on boUing, C 
CI was perceived; the substance was completely dissolved. Coole 
previously to give no pp. on addition of a little dilute HNOg : — 



No pp. 

Abs. of Group I. 
Hg', Ag, and prob. Pb. 



Diluted with water and passed HjS until the liquid smelt Btrongl 



A black pp. 
Examd- by Table II. 



Filtrate which gave no further pp. wit! 

Boiled until it no longer smelt of H«S 
on addition of HNOa, (pre*, pres. ofF^ 
of the HCl sol"- to some AmHMoO 
boiled ; filtered : — 



A brown pp. 
£xam<i* by Table? IILA. 



ExAM^- OP PP. IN Group II. — Removed from the filter into 
a porcelain dish and boiled with KHO, filtered : — 



Filtrate : — 
Acidified 
with HCl. a 
white milky 
liquid only : 

Abs. oj 
Group II. B. 



Pp. removed frova. filter by a glass rod into a porcelain dish and 
boiled with strong HNO3 as long as any red fumes came off, 
added dilute H2SO4 and stirred weU : 



No pp. : — 
Abs.ofHg 
and Pb. 



Added to sol«»- excess of AmHO : blue solution {Pres. 
ofCu):— 



No pp. : — 
Abs. of Bi 



Acidified the blue sol"* with flCl and satu- 
rated with H2S ; filtered off the black pp. 
rapidly and boiled it with dilute H2S0t : 



Pp. : dissolved in a 
little boiling dilute 
HNO3, added 
AmHO in excess, 

then excess of HA, 
thenK4FeCy6, cho- 
colate red pp. : — 
Pres. ofCu. 



FiltraU: diluted' 
much' and 
passed fljS, 
no pp. : — 
Abs. o/Cd. 



ExAM^- OF pp. in Group IIIa. 

Dissolved in a little boiling dilute HCl, added pure NaHO 
in excess, boiled and filtered : — 



\ 



Filtrate : added Am CI in 
excess, no pp. : — 
Abs. o/Al. 



Pp. : dried and fused on platinum foil with NajCOs I 
and KNO3, boiled the colourless (abs. of Or) mass 
when cold with water ; decanted from the uudis 
solved residue : — 



Residue in the dish dis- 
solved by boiling with a 
little HCl, added several 
drops of KCyS : a blood- 
red coloration : 



Pres. 



ofje. 



Sol*- being colourless 
proved abs. ofCr, 

Acidified with HA, boiled, 

and added PbA^, no 
yellow pp. : — 
Abs. ofCr. 



OF A COMPLEX ANALYSIS. 
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ilj dissolve, the sol^ was decanted, and a little dilate HCl poured 
smelt. Added a little strong HCl, boiled as long as any smell of 
sol"* and mixed it with the water sol'* which had been proved 



I gas, filtered : — 



ras pink (prcb. prea. of Co). 

I some strong HNO3 and boiled to dryness (the coloor of the sol"* changed to light brown 
led the residue with HCl, it dissolTed completely {Abs. of H^SiOs). Added a small portion 
led; no pp.: Absence of (PO^f", To the rem'- added Amd then excess of AmUO, and 



'ate was again pink {jpresence of Co) : added much Am2S and boiled, filtered : — 



^xidcpp. 

i^am«*by Table III.b. 



FUtrcUewaa yellow (c^fsence of Ni) : added Am2C0a, filtered :— 



A tehitepp. 
Exam* by Table IV. 



Filtrate. 
Exam^i- by Table V. 



ExAM^- OF PP. IN Group IILb. 

Einsed the pp. off the filter with some cold dilute HCl, 
stirred well, filtered : — 



Pp. was black and had 
already been proved to 
contain no Ni ; fused a 
portion into a clear 
borax bead : bead blue 
in both flames : — 
Pres. of Co. 


Filtrate: boiled until it no longer smelt of H2S, 
added a crystal of ECIO3, boiled until the smell of 
CI ceased, cooled andadded pure NaHO in excess : — 


No pp. 
Abs. of Mn. 


Passed H2S into the sol*^ 
no pp : — 

Abs. ofZn. 



ExAM^- OF PP. IN Group IV. 

1. Exam*- hy Flame col** — Dissolved a small quantity of 
the pp. in a few drops of HCl upon a watch glass, dipped a 
loop of Pt-wire into the sol°* and held it in the Bunsen 
flame : a crimson red colour was imparted to the flame, which 
appeared intense red through the indigo-prism : Pres. of Sr. 
This coloration was followed by a yellowish green very per- 
sistent col°* : Pres. of Ba. Confirmed by spectroscope. 

2. Exam*' in the Wet way. Dissolved the rest of the pp. 
in as little boiling HA as possible ; to a small part of the solu- 
tion, perfectly cold, added CaSO^ sol°* an immediate pp. 
formed : Pres. of Ba 
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To the remainder of the HA sol"*, proved to be acid to 
litmus, added K2Cr04 until the liquid appeared yellow, 
warmed and poured through a double filter : — 



Pp., which con- 
tained all the Ba 
present, was re- 
jected. 



To the clear filtrate^ which was orange red in colour, added 
AmHO until the colour changed to light yellow, then added 
Am2C03 in excess and filtered : — 



Filtrate was re- 
jected. 



Pp. : dissolved in as little boiling BA as 
possible ; added to a smaU portion of the 
sol"- CaS04 sol"- and boiled, a pp. formed, 
showing pres. o/Sr . __ 

To the remainder of the HA solution 
added H2SO4, boiled, filtered, and to the 
filtrate, which gave no pp. after being 
boiled with inore H2SO4, added AmHO 
in excess and Am2C204, no pp. : — 



Abs. 



. ojCa, 



ExAM^- OP Filtrate from General Table for Group V. 

Evaporated the filtrate to dryness in a porcelain dish, 
scraped out the residue upon platinum foil, and ignited 
strongly until white fumes ceased to appear : dissolved the 
residue off the foil by boiling with water to which several 
drops of HCl had been added, divided the sol"- into two 
unequal parts : — 



To the larger portion added several 
drops of H2SO4 and boiled, then 
AmHO in excess and several drops 
of Am2C204 ; on heating, a slight 
pp. formed ; filtered, and added to 
the clear filtrate Na2HP04, a white 
crystalline pp. : — 

Pres. ofMg. 



Into the amaUer portion dipped a loop 
of platinum wire, and held it in the 
Bunsen flame, an intense yellow 
col"-: — 

Pres. o/Ka, 

appearing crimson through the 
indigo-prism :— 

Pres. o/K. 

Confirmed the pres. of E by Btirring » 
fresh portion of the sol"* with PtGl4 
on a watch glass, ft yellow pp. 
formed. 



Metals found :— Cu, 1 e, Co, Ba, Sr, Mg, Na, K, NH^ . 



488.] 07 jl complex akaltsis. 303 

EXAM^' FOB AOID-BADIOLBS. 

The following acid-iadicles liave already been detected: 
(CO3)", (NO,)', (CaOa)'. 

By reference to the Table of Solubilities (440), under the 
columns corresponding to the above metals, the only salt 
insoluble in acids is found to be BaSO^ ; since Ba is present, 
and the substance is entirely soluble in acids, (SO4) is absent. 

The following acid-radicles have also been proved to be 
absent in the general examination for metals : — 

(CrO^)", by the HCl solution not becoming green on pass- 
ing HgS . 

(AsOg)'" and (AsO^)"', by no pp. forming in Group ILb. 

(SiOg)" and (SiFg)", by no residue insoL in HQ remaining 
on evaporating to dryness with HCl for Group ILL a. 

(PO J"', by testing with AmHMoO^ in the HCl sol"- for 
Group in. A. 

The organic acid-radicles A and T are absent, since there 
was no smell of burning on heating the substance. 

The only commonly occurring acid-radicles remaining to be 
specially tested for are therefore CI, Br, I, (G2O4)", and 
(BO3)'" ; and of these Br and I are probably absent, since no 
violet fumes of I or brown fumes of Br were evolved with 
strong H2SO4 . 

Boiled a portion of the substance with pure NagCOg sol"* 
and filtered ; acidified portions of the filtrate with — 



HNOg 


HA 


Added AgNO^, a perfectly white 
pp., easily sol. in AmHO : — 

Pres, of CI, 


Added CaSOi^ no pp. i-^ 
Ah8.of(C^O^\ 
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Moistened a piece of turmeric paper with the HCl sol"* of 
the substance and dried it at 100', no reddish-brown stain 
was produced: — Ahs. of(BO^)"'. 



Acid-radicles found : — CO3, NO3, CIO3, CI. 



[ Metal lie-radicles : Cu, Fe, Co, Ba, Sr, Mg, Na, 
Found < K, NH4. 

( Add-radicles: CO3, NO3, CIO3, CI. 
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REACTIONS FOB SOME OF THE BABEB 

ELEMENTS. 



The most important reactions for many of the rarer 
elements are given here. The arrangement is that adopted 
in the Fourth Section, those elements being placed together 
which are precipitated in the same analytical group: the 
groups, however, are arranged in the order in which they 
occur in the General Table. A scheme for the detection of 
these elements follows, showing in which group they are 
precipitated in the General Table, and by what reactions 
they will be most readily foimd. 



GROUP I.— SILVER GROUP. 

This group includes Tl and W. The former is partially precipitated 
as chloride by HCl, the latter completely as tungstic acid. Thalliom 
is only partially precipitated in Group I. since its chloride is not quite 
insoluble in water/, it therefore belongs also to Group III.B., being 
completely precipitated by Am^S. 



Thallium (Tl).— Use TI3SO4 solution. 

489. Tl occurs in small quantity in many natural sulphides, often 
also in the ashes of plants and in mineral waters. Tl yields both thallic 
and thdiMous salts; but the former are very unstable, changing even 
when their solutions are heated into thallot^ salts. 

1. HCl : a white precipitate, which rapidly settles, does not blacken 
in the light, and is soluble in aqua regia. It is soluble in a large 
quantity of water, and therefore does not form in dilute solutions. 

2. JTI: a yellow precipitate; almost insoluble in water, more soluble 
in KI solution. In a solution containing Fe, any ferric salt present 
must first be reduced by H2SO3 before adding £1. 

8. PtCl^ : orange-red precipitate, slightly soluble in water. 
4. Ani^: black precipitate, which is easily coagulated by beat. Ib 
insoluble in AmHO, in alkaline sulphides, and in KOj j it !■ m 

V 
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oxidised by the air to TI3SO4, and is easily soluble in mineral acids. 
Tl is completely precipitated by HgS from a solution in which HA is 
the only free acid present, but free mineral acids prevent the precipi- 
tation entirely. 

5. Flame coloration. — Thallium compounds impart to the Bonsen 
flame an intense green colour, which, however, rapidly disappears. 
The spectrum (p. 73) is very characteristic, consisting of one bright 
emerald green line. Thallium may be easily detected by the spectro- 
scope in solution, or better in any of its precipitates mentioned above. 



TuNGSTATES. — Use Na2W04 solution. 

490. W usually occurs in the form of a tungstate. The insoluble 
tungstates yield soluble alkaline tungstates on being fused with 
alkaline carbonates. From the solution of an alkaline tungstate HCl 
precipitates the tungstic acid entirely. 

1. HCl, HNO^i or H^SO^: white precipitate (H2WO4), becoming 
yellow on boiling : insoluble in excess of acid, but soluble in AmHO. 
A piece of Zn dropped into the acid liquid containing the precipitate 
yields a deep blue colour. 

2. SnCl^ in neutral solution, made by dissolving SnClg crystals in 
water and filtering : yellow precipitate, becoming blue on addition of 
HCl and heating. 

3. Am^ yields no precipitate in the solution of an alkaline tung- 
state ; but if, after adding Am^S, the liquid is made acid with HCl, 
brown "WS3 is precipitated. 

4. Microcosmic bead : outer flame, colourless or yellow : inner flame 
bltie, if a little FeS04 is fused into the bead the colour changes to 
blood red. These colours are best seen when the bead is perfectly 
cold. 



GROUP II. A.— COPPER GROUP. 



In this group are included Pd, (Os, Rh, Ru) : they are precipitated 
as sulphides by HgS from acid solutions, and the sulphides an 
insoluble in AmgS and in caustic alkali-solution. 



Palladium (Pd). — Use PdClg solution. 

491. Pd occurs as a metal in native platinum, also in gold and 
silver. Palladium solutions are reddish- brown, or yellow if dilate: 
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addition of water precipitates a basic salt, unless sufficieiit free add is 

present to prevent it. 

1. ff^: black precipitate, in neutral, alkaline, and add solutions ; 
insoluble in Am^S, but soluble in boiling HGl or in aqua regit. 

2. AmHO: flesh coloured precipitate (PdGls.2NHs) ; soluble in 
excess of AmHO to a colourless liquid, from which HCl predpitates 
yellow crystalline palladammonium chloride (N^H^df'Cl^) . 

3. HgCy^ : yellowish-white gelatinous predpitate (PdOyj), slightly 
soluble in HCl, easily soluble in AmHO. This is a very chand»r- 
istic reaction. 

4. KI: black precipitate (Pdl2) : very charactenstie of Pd* 



GROUP II.B.— ARSENIC GROUP. 
In this group are included Mo, Se, Te, (Ir). 



MoLYBDATES (Mo). — ^Usc Km^^^ solution. 

492. Mo occurs as molybdate : also as sulphide, which may 1^ 
readily converted into M0O3 by ignition in the sir or by heating it with 
HNOg. Unignited MoO, dissolves in acids; ignited MoO| is insoluble 
in acids, but easily soluble in alkalis. 

1. HCly HNO^t or H^SO^^^ if added in small quantity to an aqueous 
solution of a molybdate, yields a predpitate which is readily soluble 
in excess of the acid. 

2. H^, added in very small quantity to the addified solution, gives 
a blue liquid ; if it is added in larger quantities, a brotvn precipitate 
(MoSg) forms ; the precipitation becomes complete only when the 
solution is heated and H^S is passed for some time : the predpitate is 
soluble in solutions of alkaline sulphides and hydrates, from which it 
is reprecipitated when acid is added in excess. 

3. Zn or SnCl^, if added to the solution of a molybdate in HCl, 
colours it brown, green, or blrie, according to its state of concentration. 

4. KCyS, if added to a solution acidified with HCl, gives no colora- 
tion ; but on dropping in a piece of Zn a beautiful crimson colour is pro- 
duced, which, when the liquid is shaken with ether, is taken up by 
the ether. 

6. Na^PO^y if added in very small quantity to ttie solution of 
a molybdate acidified with HNO3, gives, on gently warming the 



308 REACTIONS OF RARER ELEMENTS. [493, 494. 

^ I 

liquid, a yellow precipitate readily soluble in excess of alkaline hydrate 
solution. 

6. Borax head : outer flame, yellow; inner, dark hrovm, 

7. Microcosmic bead: outer and inner flames, green. 



Selenium (Se). 
493. Se occurs in metallic selenides of Pb, Fe, Cu, Ag. 

Selenides. — Use FeSe. 

1. A selenide when heated in an open tube evolves a smell of decay- 
ing horse radish, and produces a grey or red sublimate of Se : the 
smell is very characteristic. 

Selenites. — Use K2Se03 (see 6, below). 

2. R^S gives in acid solutions, if cold a yellow^ if hot a reddish- 
yellow precipitate: soluble in AmgS. 

3. BaCl2 gives in neutral solutions a white precipitate: soluble in 
HCl and in HNO3 . 

4. SnC1.2 or H^SO^ gives in the presence of free HCl a red, or in 
warm solutions a grey precipitate of Se. 

5. Cu in a hot HCl solution becomes covered with a black film: the 
liquid on standing with the Cu for some time becomes coloured red 
with Se. 

Selenates. — Use K2Se04. 

6. HCl produces no change in the cold ; but on boiling, CI is given 
off and the selenate is reduced to selenite, to which the above tests 
may be applied. 

7. BaCl^: a white precipitate (BaSe04); insoluble in cold HCl, dis- 
solved by boiling with HCl with evolution of CI and reduction to 
BaSeOg. 

Selenium in any form of combination. 

8. Heated on charcoal in the inner blowpipe flame a smell of rotten 
horse radish is perceived. 

9. Fused on charcoal with NagCOs in the inner blowpipe flame a 
fused mass is obtained, which when moistened on Ag yields a black 
stain, and on addition of HCl evolves HgSe, a badly smelling gas. 



Tellurium (Te). 

494. Te commonly occurs united with the metals An, Ag, Bi, 
Cu, Fe. 

Tellurides.—Uae PbTe. 

1. A telluride when heated in an open glass tube gives white fames 
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and a sublimate, which' differs from that given by Sb, by being ftisible 
before the blowpipe. 

Tellv/rUea, — ^TJse K3Te03 (see 6, below). 

2. H^O : on dilution with water, telluroos add is precipitated from 
the acid solution. 

3. ^2^; in acid solutions a brown precipitate (TeSj) ; easily solnble 
in AmsS. 

4. H^O^ SnCl^ or Zn precipitates black Te. 

Tdlv/raJbes,—^}^ KeTe04. 

5. HCl produces no change in the cold solution of a tellorate ; bnt 
on boiling CI is evolved, and the tellurate is reduced to tellurite ; the 
solution then gives the above reactions. ' 

Tellurium in any form of oomJbvMiJbum, 

6. A tellurium compound, if fused with Na^COs on charcoal in the 
inner blowpipe flame, gives sodium telluride, a solution of which ^ves 
a black stain on Ag, and when it is acidified deposits black Te, and 
evolves HjTe. 



GROUP III.— IRON AND ZINC GROUPS. 

In this Group are included U, In, Ti, Be, Tl, [V], (Zr, Ce, Ta, Nb, 
La, Di, Y, E, Th). 

Tl is often partially precipitated as chloride in Group I., and its 
reactions are given under that group. Y is not precipitated by An%S 
unless acid is added in excess after Am^S. 



Ukanium (U).— Use (U0a)"(N03)j. 

485. U occurs in nature principally as ^piJUiKblemdei an oxide ; also as 
uranite, a hydrated uranium calcium phosphate ; and chalcolite, hydrated 
uranium copper phosphate. 

1. AmHO, KHO, <yr NaHO: yellow precipitate, insoluble in excess. 

2. Am^ gives in neutral solutions a dingy yellow or brown precipi- 
tate of uranium oxysulphide, which differs from ZnS, MnS, and FeS 
by being soluble in AmaCO,. The precipitate settles slowly unless 
AmCl is added ; it is soluble in acids, even in HA : on being heated 
with AmgS in excess it is changed into uranous oxide and sulphur. 

3. S^S produces no precipitate in acid solutions. 

4. AmjJO^, KHCO^ w NaECO^: yellow precipitate easily soluble 
in excess ; from this solution the uranium is repredpitated by addi- 
tion of NaHO or KHO, or by boiling, differing thus from Fe. 
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5. K^FeCy^ gives in acid solutions a reddish-brown precipitate, 
which is distinguished from the similar one produced in a copper sola 
tion by dissolving in excess of AmHO to a yellow fluid. 

6. BaCO^ causes complete precipitation even in the cold. 

7. Zn changes the yellow colour of acid solutions to green, 

8. Borax and microcosmic beads: outer flame, yellow; inner flame, 

green. 

Indium (In). — Use In2(S04)3. 
406. Occurs in zinc blende and in wolfram. 

1. Alkali hydraies precipitate a hydrate resembling ALjH^Og, in- 
soluble in excess. ludiura solutions are also precipitated by alkaline 
carbonates, by N"a2HP04, by boiling their neutral solutions with 
excess of NaA, by BaCOs, and by alkaline oxalates. 

2. H^S gives no precipitate in strong and acidified solutions, in 
dilute and feebly acid solutions a little sulphide separates, in a solu- 
tion containing no free acid but HA the metal is entirely precipitated 
as yellow sulphide : the precipitate is insoluble in cold, but soluble in 
boiling AnigS ; from the boiling solution white sulphide separates on 
cooling. 

3. Arri^S^ added after HgT and excess of AmHO, gives a white pre- 
cipitate, becoming yellow on treatment with HA. 

4. Flame coloration: bluish-violet. The spectrum shows a yery 
characteristic blue line, which is brilliant, but very rapidly disappears 
when the chloride is employed. See page 73. 



Beryllium (Be). — Use Be2(S04)3. 

497. Be occurs as silicate in phenakite, and as silicate with Al- 
silicate in beryl and emerald. 

1. Arn^S, AmHOy KHOy or NaHO : the flocculent hydrate is pre- 
cipitated, resembling Al2HgOQ in appearance, and in being soluble in 
KHO : but it diff'ers from AlgHgOg in being precipitated from its solu- 
tion in KHO by dilution and long boiling, and by being soluble when 
freshly precipitated if it is long boiled with AmCl solution. 

1. Alkaline carbonates precipitate a carbonate, which is soluble in 
excess, especially in AmjCOs ; from these solutions the carbonate is 
reprecipitated on diluting and boiling for some time, and with especial 
ease from the AmgCOs solution, diff'ering thus from AL 

3. BaCO^ precipitates Be-solutions completely.' 

4. H^C.fi^ and alkaline oxalates produce no precipitate. 

5. Moistened with Co(N03)2 solution and heated on charcoal in tin 
outer blowpipe flame, a grey mass is obtained, difference firom Al. 
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TiTAiniTM (Ti).— Use 1X0^1 . 

498. Ti occurs as TiO^ with traces of Fe, Mn, Cr, in rntile, anatase, 
and brookite : also as^TiO, in combination with Fe in titaniferons iron 
ore. 

1. Ignited Ti02 is insoluble in water and in most acids : it is easily 
soluble in HF, less readily in boiling strong HsS04 : it is also rendered 
soluble in cold water by fusion with EHSO4. TiOs differs from SiO^ 
in not being volatilised when heated in a platinum dish with HF and 
strong H2SO4. 

2. By diltUion and long boiling, white flocculent hydrated TiO^ is 
precipitated &om solutions in H2SO4 or HCl, and from the aqueous 
solution of the fusion with EHSO4 • ^^^ precipitate is metatitanic add : 
it cannot be filtered off unless an acid or AmCl is added. 

3. AmHO, KHO, NaHO, Am^, or BaCO^ white flocculent preci« 
pitate, insoluble in excess : if precipitated and washed in the cold it 
dissolves in HCl and in dilute H2SO4. 

4. Zn or Sn gives in acid solutions a "blue, or if dilute a rcat^red 
coloration. 

5. Na^S^O^t on boiling, precipitates Ti-solution entirely, difference 
from Fe. 

6. Mierocosmie head: in the outer flame yellow while hot, eolourUas 
when cold : in the inner flame yellow while hot, violet when cold. 

The production of these colours is much aided by adding a fragment 
of Sn. Addition of a small quantity of FeS04 gives in the inner flame 
a blood-red bead. ■ 

Vanadium (V).— Use NaVO,. 

489. y occurs in vanadinite [3Pb8(P04)3.PbCls], and in certain Fe- 
and Cu-ores. Vanadium is known in several stages of oxidation ; it 
will usually occur in analysis as vanadic acid or a vanadate, which in 
acid solution is of a yellow or reddish colour. 

1. ff^S, H^O^, or H^C^O^ reduces acid solutions of a vanadate, and 
causes the colour of the solution to change to blue : with H^S a deposit 
of sulphur also forms. 

2. Am^y if added in excess, gives a brown liquid, in which an 
excess of acid causes a brontm precipitate of V2S5; excess of Am^S 
dissolves this to a reddish-brown liquid. 

3. Zn gives in a very dilute solution acidified with H2SO4 when 
gently warmed a blue colour, which changes into g^eem. and then 
lavemder-blue, 

4. Solid AmCl, added until the solution is saturated, precipitates 
Am3V04, which is insoluble in saturated AmCl solution. This is a 
very characteristic reaction. 



312 REACTIONS OF RARER ELEMENTS. [500. 

5. H^O^ when shaken up with an acid solution imparts a red colour 
which is not removed by shaking with ether. This is a very delicate 
test. 

6. Borax head: in outer flame colourless, or yellow if much V is 
present : in inner flame, green hot and cold, or if much V is present 
hrown hot and green cold. 



GROUP v.— POTASSIUM GROUP. 
In this group are included Li, Cs, Rb. 



Lithium (Li). — Use LiCl. 

500. Li occurs frequently in mineral waters and in the ashes of 
plants, also in small quantities in the minerals lepidolite, triphane, 
and petallite. 

It is allied to the metals of the Barium Group by the difficult solu- 
bility of its carbonate and phosphate ; and it difl'ers from K and NH4 

by not being precipitated by PtCl4 or by HgT : from Na it is readily 
distinguished by the flame coloration and spectroscope. 

LiOl is separated from KCl and NaCl by its insolubility in a mixture 
of absolute alcohol and ether. 

1. Na^PO^ added to the solution, which must not be too dilute 
and must be strongly alkaline with NaHO, gives, on boiling, a white 
crystalline precipitate (Li8P04) which quickly settles. Traces of Li 
may be precipitated by adding Na2HP04 , then NaHO until the liquid 
remains alkaline, evaporating to dryness and washing the residue with 
dilute AmHO. 

This precipitate differs from the phosphates of Ba, Sr, Ca, and Mg 
by fusing in the blowpipe flame and being absorbed by the charcoal 
support, also by its diluted solution in HCl giving no precipitate on 
addition of AmHO in excess in the cold, but a white crystalline pre- 
cipitate on boiling, 

2. Flame coloration: this is carmine-red; the spectrum (page 78) con- 
sists of an intense carmine-red line (o). This coloration is concealed 
by that of Na, which, however, does not interfere with the spectnun. 

The Na coloration is also removed if the flame is viewed throngli 
the indigo prism, whereas that of Li can pass through the thinner 
parts of the prism ; it differs from the K coloration, however, in being 
unable to penetrate the thick layers of indigo solution or in being 
nuch weakened by its passage. 
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As silicate, Li only gives the flame coloration after fasion with 
CaS04 ; the phosphate requires to be first moistened with HCl . 



Rubidium (Rb), CissiUM (Cs). — Use RbCl and CsCL 

501. These metals occur in small quantities in some mineral waters 
and in a few minerals. 

1. Their compounds resemble those of K by being precipitated by 

PtCl4 and by HgT, and by giving a similar flame coloration. Charac- 
teristic differences are the much greater insolubility in water of the 
platino-chlorides, which enables the EgPtClg to be dissolved away from 
RbaPtClfi and CsaPtClg by boiling the precipitate with successive small 
quantities of water : the alums also show a similar difference in solu- 
bility in cold water. 

2. Cs and Rb are readily distinguished from one another and from 
other elements by their spectra, see page 73. For Cs the blue lines 
(a, iS) are especially distinct and characteristic : in the Rb spectrum 
the iudigo blue lines (a, j8) are very distinct, but the red lines (7, 8) 
are most characteristic. For the spectroscopic test the chlorides are 
most suitable. 
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502. General Group Table for 



Group /.— Reageut HCL 



The group pp. may contain in addition 

to AgCL HgiCh^PhCli :— 

TlCl {white). 

H^WO^i „ ). 

TlCl wUl usually be readily detected 
by a spectroscopic examination of 
the group pp. It may be removed 
from the group pp. by boiling 
with a little water, and pp<i. from 
the cold filtrate by KI (Pb is also 
thus pp''-): the pp. is ywUow, and 
gives the thallium spectrum. 

HnWOi : a white pp. becoming yellow 
on boiling. Its presence is con- 
firmed by dropping a piece of Zn 
into a portion of the acid liquid and 
pp., when a deep blue colour will be 
obtained. 

Also by fusion of the pp. in a 
microcosmic bead, which will be 
colourless or yellow in the outer 
fiame, blue (or with FeS04, blood- 
red) in the inner flame. 



Group //.—Reagent H^S. 



) 



Insoluble in 
AmjS. 



The group pp. may contain as sulphides^ in 
culdition to Eg, Pb, Bi, Cu, Cd : 

Pd (black-brown) 

Tl {black; ppi- with As^S^ 

[0$, Bh, i?tt.*] 

And in addition to SnS, SnSt, SbiSt, ASfSt, 
Au^Sz, PtS2 :— 

[ir-sulphide*] 
Mo- „ fbroum 
Se- „ (red-yeUow) 
Te- „ (black) 

The yeUovf colour of a solution containing Y 
is changed to blue by H^S . 



1 



Soluble in 
AmtS. 



Tl is readily found by the spectrosoope in the 
group pp. 

Pd will remain in solution in excess of AmHO 
with Cd and Cuin Table II. A : from this lolutioa 
it is pp<L by adding HCl : its presence may be 
further confirmed by the HgCyn or KI teste 
(491). 

The examination of the sulphides in Group ILb 
when the above elements may be present u heat 
commenced by fusion with Nao(X)8 and NaNQi . 
From the fused mass, water dissolves sodium- 
arsenate, -molybdate, -selenate, and -tellurateu 
leaving SnOj, sodium-antimonate. An, Pt, and 
Ir undissolved; the elements may then be de* 
tected by special tests. For the seiMiratlon and 
detection of the platinum metals a lai^er work 
must be consulted. 



* Only completely pp-- if the liquid has 
warmed, and H^S passed for a long time. 



been 
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Precipitation op Barer Elements. 



Group i//.— Reagents AmCl, 
AmHO, and AmjS. 



Precipitated from the 

filtrate from Group III. by 

excess of HCL 



Group V, 



The group pp. may contain 
as siUphides, in addition to 
Fe, Zn, Mn, Ni, Co:— 

U (black brown,) 

And 09 hydrates in addition 
to Alt Or {and phosphates, 
Ac. ;>-- 

Ti (white, flocculerU.) 
Be {colourless, gelatinous). 
[Zr „ ] 
iTa, Nb, Ce, La, Di, F, E, 
Th.] 

n and In will usually be 
readily detected by a spec- 
troscopic examination of the 
pp. 

Tl may be first separated and 
detected by dissolving some 
of the group pp. in boiling 
dilute HCl, and reducing 
any Fe present in the solu- 
tion by H2SO3 ; then pre- 
cipitating Tl by addition of 
KI, and testing the pp. by 
the spectroscope. 

A more complete scheme for 
the analysis of this group 
pp. will be found in par. 
(503> 



As suXphidesi-' 

V{hlaek). 

IT (trace, hrown). 

Ni (trace, black). 



This pp. is dried and then 
fused with a mixture of 
NaoCO, and KNO«: on 
boiling the mass with 
water, NiO remains undis- 
solved; it is filtered off, 
and its presence con- 
firmed by fusion in a 
borax bead. 

The a(;^ueous solution may 
contam alkaline vanadate 
and tungstate. Y is sepa- 
rated by saturating the 
liquid with AmCl, and its 
presence confirmed in the 
pp. by the borax bead, 
and by dissolving the pp. 
in HCl and employing the 
reactions with HjOj and 
with Zn (4»9). 

The filtrate, after concen- 
tration if necessary, is 
acidified with HCl, and 
the presence of W con- 
firmed by the Zn reaction 
and the microcosmic 
bead (490). 



The filtrate after the separa- 
tion of all the group pre- 
cipitates may contam be- 
sides Mg, K, and Na :— 

U, Cb, Rb. 

These metals are readily de- 
tected by their very char- 
acteristic spectra (p. 66). 

LiCl may also be detectc^l by 
its behaviour with NasHPOv 

Before proceeding to the spec- 
troscopic examination, it is 
well to convert them into 
chlorides if they are not 
ahready in that form. 

If the chlorides are evaporated 
to drjmMs and extracted 
with absolute ether and 
alcohol, to which a few 
drops of HCl have been 
added, liCl, RbCl, CsCl dis- 
solve, whilstthe greater part 
of the KCl and Nad re- 
mains undissolved. 

The solution is evaporated to 
dryness, dissolved in a little 
HCl, and Rb and Cs are pi*^ 
by PtCl4 . this pp. is boiled 
with small quantities of 
water until it no longer 
gives the K spectrum, the 
spectra of Rb and Cs will 
then be seen, if present. 
Li is found in the filtrate 
after adding FtClf . 
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503. — Table for Analysis of Group III. Preoipitatb, 
The precipitate may contain Fe, U, In, Tl, Al, Cr, Zn, 



After a preliminary spectroscopic examination has been made of a small portion of the 
the General Table (502), the group pp. is dried and fused in platinum with EIHSO4 for 
long time with cold water: — 



Residue: may con- 
tain Ta^Ofi, NbjOft, 
also SiOs, and traces 
of Fe and Cr which 
have escaped solu- 
tion. By fusion with 
KaOs and NaHO, 
Cr and Si are ren- 
dered soluble in 
dilute NaHO ; from 
the residue, in- 
soluble in NaHO, 
TaoOa and NbgO* 
may be removed by 
washing with dilute 
NagOOs solution. 



Solution: £«duce Fe by adding HjSOs in excess, dilute consider- 
covering the vessel, and by passing a stream of CO2 



Pp. may consist 
of TtOg, pos- 
sibly also traces 
of Zr. 

Confirm the pre- 
sence of TiOj 
by the micro- 
cosmic bead 
(498X 



Filtrate : add a few drops of strong HNOs, 
and precipitate onoe more by adding ezceaa 



Pp. may contain Fe, In, U, Cr, Al, Be, ft& 



Pp. may contain Fe, In, U, Ac. Dissolve 
large excess of HCl, add BaGOa» and let 



Pp. may contain Fe, In, 
U, also traces of Al 
andCr. 

It is dissolved in HCl. 
and NaHCOs is added 
in excess, whereby U 
alone is obtained in 
solution. 

In is found by the spec- 
troscope : 

Or by fusion with 
NasCOs and ECIO3 . 



FUtraUiaay contain 
Th. Ba is pp^ b] 



HgSOi, the lianid 
exact^ neutralised 
of E2SO4 are added, 
allowed to stand for 
pp. is vrashed with 



Pp. may contain Zr, 
Th,Ce. 

Th and Ce are dis- 
solved away by 
boiling with dilute 
^C1, and are repp<> 
by AmHO. 
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WHEN THE EaBEB ELEMENTS HAY BE PBBSBNT, 

Mn, Ni, Co, Ti, Be, [Zp, Ta, Nb, Ce, La, Di, Y, E, Th]. 



pp. for Tl and In, and Tl has been farther tetted for, if neceasarj, by KI as directed In 
some time, the cold mass is then powdered and allowed to stand, with shaking, lor a 



ably and boil for a long time, preserving the liquid from oxidation by the air by 
nnless it smells constantly of SO2 :— 



concentrate by evaporation, and add AmHO in excess s filter, dissolve the pp. in HGl, 
of AmHO :— 



Dissolve it in HCl, and add excess of cold strong EHO solution > 



in HGl, boil off any 
stand :— 



Zr, Oe, La, W, V, E, 
adding excess of 
is concentrated and 
withElHO. GxTBtals 
and the liquid is 
some hours. The 
KsSOi solution. 

I Sol^- may contain 
Y, S, also £e. 

The solution is 
pp*- by AmHO, 
and £e dissolved 
away, from it by 
H2C2O4 . 



FUtrate may contain Al, Gr. Be : dilute and 
boil for some time, filter. Al remains in solu- 
tion, and mav be pp^ by adding HCl just in 
excess, then AmHO in excess. 

Or and Be are separated by fusion with NatGO« 
and KGlOtjdissolving in water and ppS; Be 
by adding HNO« in excess, then AmHO in 
excess. 



FUtnUe may 
contain :~ 

Zn.Mn.N],€!o. 
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REACTIONS FOR CERTAIN ORGANIC 

SUBSTANCES. 



I. ORGANIC ACID-RADICLES. 

The most important reactions are given here for the more 
commonly occurring acid-radicles. In case the free acid is 
used for the following reactions, its solution should first be 
neutralised by dilute AmOH. 



Formates. — Use sodiam formate, NaHCOj. 
504. The acid and the salts much resemble acetic acid and acetates. 

1. Fe^Cl^ imparts a deep red colour to the solution of a formate'; the 
coloration is destroyed by the addition of HCl. On boiling the red 
liquid, basic ferric formate is precipitated; the liquid also becomes 
colourless if excess of formate was present, since all the Fe is precipi- 
tated. This reaction is precisely similar to that for an acetate (328). 

2. AgNO^ or Hg^iNO^)^ solution, when heated with solution of a 
formate, in the absence of free acid and alkali, yields precipitates of 
black Ag and Hg respectively. 

Solution of a formate when gently heated with ammoniacal AgNOg 
solution gives no silver mirror (322). 

Free formic acid, or solution of a formate acidified with HA, gives 
a silver mirror when it is heated with AgNOg solution. 

Solution of HgCl2, when heated to about 70° with the solution of a 
formate, yields a white precipitate (HgaOla), if HCl and alkaline 
chlorides are absent. 

3. Strcmg H^SO^ when heated with a formate evolves CO gas, which 
burns with a blue flame. No charring or blackening occurs, and no 
evolution of CO2 as in the case of an oxalate (317). 

If a formate is distilled with dilute H2SO4, a distillate emitting the 
pungent smell of formic acid is obtained. 

4. When a solid formate is strongly heated it fuses and chars, and 
evolves a mixture of CO and CO2. 



Citrates. — Use sodium citrate, Na3CeHB07.2H20. 

505. Citrates much resemble tartrates and oxalates in their reactions. 

1. Citrates differ by emitting pungent acid fumes when they are 

-rbonised by heat: and by darkening when they are heated with 
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strong H2SO4, bat only after the miztnre has been heated for some 
time and inflammable gases have escaped. 

2. Further, calcium citrate is only precipitated ftfli&r long gUmding, 
or on boiling the liquid, when either a large excess of lime water, or a 
mixture of AmHO, AmCl and CaCl^ has been added. This precipitate 

is insoluble in KHO. 

3. Citrates are not precipitated by solution of KA. 

4. AgNO^ gives a white precipitate, which becomes grey when 
heated. Solution of a citrate, if gently heated with ammoniacal 
AgNOs solution, causes either very slight or no redaction of Ag (822). 



Succinates, Benzoates. — Use ammonium saccinate Am304H404, 
and ammoninm benzoate AmGl7HfOt. 

506. Succinic acid and succinates freqaently smell of amber, while 
benzoic acid and benzoates commonly emit an aromatic smell of gum 
benzoin. 

Succinates and benzoates closely resemble one another in their 
analytical reactions; the following differences are therefore important. 

1. Succinic acid is readily soluble in water: benzoic acid is only 
slightly soluble in cold water, and is therefore partially preeipitated 
from its solution in alcohol on the addition of water, or when strong 
HCl or any other strong acid is added to an aqneous solution of 
a benzoate. 

2. Both acids when heated emit fumes, which are very irritating to 
the throat, and which cause coughing when inhaled. 

3. The addition of BaCl^ solution and much alcohol, precipitates 
succinates but not benzoates. A similar difference is shown with 
CaCla . 

4. Fe^Cl^ gives a reddish-brovm precipitate with a succinate, and a 
pale broum' or buff precipitate with a benzoate. If the latter precipi- 
tate be treated with strong HCl, benzoic acid separates in crystalline 
scales. 

Tankates, Gallates. — Use tannic acid Cifi^fig, and gallic 

acid C7H0O5 . 

607. These adds and their salts resemble one another in many 
analytical reactions. 

1. Each acid yields a Uutah-hUuk precipitate with FcgClg solution. 
The precipitate disappears on boiling in the case of gallic acid. 

2. CuSO^ in ammoniacal solution gives with tannates a greenish 
coloured precipitate. With gallates no precipitate is produced. 



320 URATES, SALICYLATES, MECONATES. [508-510. 

3. KGN solution, if freshly made, gives a red coloration with 
gallates, which fades on standing, but reappears on shaking the 
liquid. No colour is produced with tannates. 

4. Strong H^SO^ when heated with tannates gives a brown colora- 
tion. With gallates a rich red coloration is produced which changes 
to claret. In each case SOg is eventually evolved. 



Urates. — Use potassium urate, KCBH3N4O8. 
508. Uric acid is almost insoluble in water. 

1. HNO3 dissolves the acid with effervescence: if this solution is 
evaporated to dryness in a porcelain dish, and the residue is moistened 
with AmHO, bright purple murexide is formed. 

2. HCl precipitates white uric acid, 

3. Heated in an ignition tube urates char and give off NHs- 



Salicylates.— Use salicylic acid, CyHgOg. 

509. Salicylic acid melts at 157°, and at a somewhat higher tem- 
perature decomposes into CO2 and phenol or carbolic acid (CgHjO). 

1. The decomposition by heat is rapid and complete if the acid is 
mixed with excess of soda lime before it is heated: phenol con- 
denses as a white crystalline sublimate. 

2. The solution of salicylic acid becomes violet on the addition of 
FcgClg solution. 

3. A salicylate when heated with H2SO4 and methyl alcohol gives a 
fragrant smell of methyl salicylate (oil of winter green). 

4. The addition to a salicylate of strong H2SO4, mixed with a small 
quantity of 6 per cent, aqueous solution of KNOg, causes a red colora- 
tion which does not change (difference from phenol). 



Meconates. — Use solution of meconic acid C7H4O7.3H2O, neutralising 

it with dilute AmOH . 

510. Meconic acid is present in opium. 

1. This acid may be detected by the production of a deep red colora- 
tion on the addition of FcgClg, which is with difficulty destroyed by 
HCl. 

This coloration differs from that caused by an acetate or a formate 
by not disappearing when the liquid is boiled : it may be distinguished 
from ferric sulphocyanide by its colour not being destroyed when the 
licjuid is dropped into solution of HgCLj. 
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2. PbA^ solution gives a white precipitate of lead meconate in 
solutions of meconates. 

3. In neutral solutions of meconates calcium chloride solntlon gives 
a white precipitate Ca,(G7H07)3 . 



Malates. — Use the solution of malic acid C4HQO5, carefoUy 
neutralised hy the admixture of AmHO. 

511. This acid is a colourless crystalline substance, readily soluble 
in water. 

1. CaCl^ solution, if followed by boiling or by the addition of 
alcohol, produces a white precipitate in neutral solutions. 

2. PbA^ gives a white precipitate, which fuses when the liquid con- 
taining it is heated. 

3. AgNO^ gives a white precipitate, which becomes grey when it is 
heated. 

4. Strorvg H^O^ when heated with malates evolves 00 and OOf, 

and the liquid gradually darkens. 



HiPPURATES.— Dissolve hippuric acid O^H^NOs, in very dilute 
AmOH solution, and neutralise if necessary. 

512. This acid occurs in colourless prismatic crystals; it has a 
bitter taste, strongly acid reaction, and is only sl^^htly soluble in 
water. 

1. HCl causes a white crystalline precipitate of the acid in neutral 
solutions. 

2. Fc^CIq solution causes a flesh-coloured precipitate : this is decom- 
posed by HCl with separation of hippuric acid in needles. 

3. AgNO^ gives a white precipitate. 

4. When heated with soda-lime, solid hippurates evolve NHg and 
CgHg. 



X 
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II. ALKALOIDS. 

Most alkaloids resemble NHg in their behaviour with 
acids, and may therefore be looked upon as basic. Their 
solutions are alkaline to test-paper ; the solutions of their 
salts are either neutral or acid in reaction. The free 
alkaloids are almost insoluble in water, hence solutions of 
their salts are employed for the following reactions. 

The following reactions are general: — 

1. NagCOg precipitates the hydrated alkaloids from solutions of 
their salts. 

2. PhospJvo-molyhdic add * causes a yellow precipitate in solutions 
of alkaloids. 

3. When heated on platinum foil alkaloids bum with a bright 

smoky flame. 

CiNCHONiNE, Quinine. — Use cinchonine sulphate C19H22N2O. H2SO4, 
and quinine sulphate C20H24NjO2.H2SO4.7H2O. 

513. In dissolving quinine sulphate in water a few drops of dilute 
H2SO4 should be added ; the solution is intensely bitter, and gives a 
pale blue fluorescence. Pure solution of cinchonine sulphate is not 
fluorescent. 

1. Solution of alkaline hydroxide or carbonate precipitates hydrated 
quinine from fairly strong solutions of a quinine salt ; this precipitate 
disappears when the liquid is shaken with ether. 

The corresponding cinchonine precipitate is not thus dissolved by 
ether. 

2. Ndther Br- nor Cl-waterj when added in small quantity, colours 
a solution of quinine ; but if AmHO is afterwards added, an intense 
emerald green colour appears. Cinchonine solution under these con- 
ditions yields a yellowish- white precipitate. 

3. If Br- or Cl-ioater is added to a quinine solution, then K4FeCy0 
and one or two drops of KHO solution, a deep red tint is produced, 
which quickly changes to dirty brown: this colour is destroyed by 
HA, but reappears when AmHO is cautiously added. 

* To prepare this reagent, the solution of ammonium molybdate in nitric 
acid (526. 72) is precipitated by careful addition of sodium phosphate solu- 
tion (524. 14). The precipitate is well washed, and dissolved in NasOOs 
solution : this solution is evaporated to dryness and the residue is ignited. 
Water is then added and warmed with the residue, which is finally dissolved 
'n cousiderable excess of HNOa. 
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Morphine. — Use morphine hydrochlorate, C17H19NO8.HCI.3H2O. 

514. This alkaloid is present in opium and opium extracts : it is 
prepared froto opium. 

1. KRO or AmHO yields a white precipitate, soluble in excess of 
the reagent. 

2. Strong HNO^ produces a yellowish-red colour, which does not 
change to violet on the addition of SnClj. (Ditference from brucine.) 

3. Neutral Fe^Cl^ solution, if added drop by drop to neutral mor- 
phine solution, produces a dark bltie colour: this disappears on the 
addition of an acid. 

4. From iodic add morphine and its salts separate iodine : this is 
shown by the liquid becoming brown ; but the iodise is more certainly 
and readily detected by adding starch solution, or by shaking the 
liquid with CSg (268). The brown coloration of the solution becomes 
more intense on the addition of AmHO. 

The test is very delicate and characteristic if the solid substance is 
moistened with a solution of one part of iodic acid in fifteen of water, 
and solution of one part of starch in four hundred of water is added. 
On pouring very dilute AmHO upon the blue solution thus obtained, a 
coloured ring is seen at the surface of contact of the solutions, which 
is hliLe below and brown above. 

This reaction serves to distinguish morphine from other organic 
substances containing nitrogen. 

5. H^SO^ gives no colour when added to a solution containing 
morphine ; but on dropping a crystal of KgCrgOy into the acid liquid 
contained in a white porcelain dish, and slowly moving the crystal 
about with a glass rod, an intense green colour appears. Quinine gives 
a similar reaction. 

6. If solid morphine or any of its compounds is dissolved by heating 
it with a few drops of strong H2SO4 for fifteen minutes upon the water 
bath, and a little H2SO4 containing HNO3 (see below) is added to this 
solution, a violet-red colour appears: on dropping in a fragment of 
MnOg it becomes surrounded by an intense mahogany-red coloration. 

The acid mentioned above is prepared by mixing six drops of HNO3 
of 1*25 sp. gr. with 100 c.c. of water, adding ten drops of this mixture 
to 20 grams of pure strong H2SO4, and mixing twenty drops of this 
solution with two or three drops of water before adding it to the 
morphine solution. 

7. Am2Mo04 dissolved in strong H2SO4 produces an intense purple 
coloration changing to blue. 
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Strychnine. — Use strychnine, C21H22N2O2. 

616. In dissolving strychnine in water a drop of dilate H^04 
should be added. The solutions are very poisonous : they possess an 
intensely bitter taste even when they are extremely dilute. 

1. Strychnine dissolves in strong H2SO4 to a colourless liquid: on 
adding a fragment of E2Cr207 to this solution in a porcelain dish, and 
slowly moving the bichromate about by pushing it with a glass rod, a 
bluish-violet coloration is produced, which gradually changes to red or 
yellow. 

The presence of morphine, or of metallic chlorides or nitrates, in- 
terferes with this reaction. If any of these should be present, the 
strychnine may be precipitated by the addition of E|{Fe2Cyi2 or of 
K2Cr04 solution, filtered off and slightly washed on the filter, and then 
stirred with the strong H2SO4. 

2. Cold strong HNO^ dissolves strychnine without becoming coloured, 
but the solution acquires a yellow tint when it is heated. 



Narcotine. — Use narcotine C22H23NO7, or its sulphate. 

616. Narcotine is present in opium, but is not extracted by the 
processes usually employed for obtaining morphine. 

1. Strong Hc^SO^ gives a bluish-violet coloration changing to orange, 
but in some specimens a yellow solution is produced at once. 

When this liquid is gradually warmed it becomes first orangc'red 
and then bluish- violet ^ or purple stripes proceed from the edge of the 
liquid surface : on cooling, the colour changes to cherry-red. If the 
heating is pushed to the initial evaporation of the acid, an intense 
reddish-violet colour is produced. 

2. If narcotine is subjected to reaction (514. 6) for morphine, an 
intense red coloration is produced on the addition of the acid reagent, 
and this does not alter when MnOg is dropped in. 

3. Strong HNO^ produces a yellow coloration in the cold, which 
becomes red on heating the liquid, fading to yellow again on cooling. 



Brucine. — Use brucine C23H2aN204 . 4H2O, or its sulphate. 

517. The substance is most readily dissolved in water when a drop 
of H2SO4 is added. 

1. Strong HNO^ yields an intensely red coloration, which gradually 
changes to yellowish-red and yellow when the liquid is heated : wh«B 
SnClo is added to the hot solution it becomes int^sely vioUL 

(Diflerence from morphine.) 

2. JFith strong H.,SO^ a rose-coloured solution is obtained, whieb 
changes to yellow. On adding the acid reagent described in (614. 6), 
the liquid becomes red, but quickly changes to yellow. 
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III. CERTAIN OTHER ORGANIC SUBSTANCES. 



Alcohol, or Ethtl Alcohol, CgH^O; use weak spirit. 

518. Pure ethyl alcohol boils at 78" '4 under 760 m.m. meroury 
pressure, and has a specific gravity of 0*7938 at 1&''6. It bums with 
a pale blue smokeless flame. 

If the alcohol is very dilute it may be necessary to add dry KfiO^ in ' 
excess to the liquid, and distil over about one-third of it : the alcohol 
is thus concentrated, and is more I'eadily detected by tests 1 and 2. 

1. If NasCOs solution is added to water containing a little alcohol, 
and the mixture is digested for some time at a gentle heat, occasionally 
dropping in small pieces of iodine until the solution retains a brown 
colour, golden yellow crystals of iodoform will separate after several 
hours : if very little alcohol is present, ten or twelve hours tnay be 
necessary for the formation of these crystals. 

When examined under the microscope, the crystals are seen to be 
hexagonal tablets or six-pointed stars. 

This reaction is yielded by other substances besides ethyl alcohol, 
and is therefore not distinctive. 

2. Alcohol may be converted into HA by heating it for some time 
with KsCrsOy and H3SO4. Aldehyde will be smelt fist, and then 
acetic acid. If the smell of the acid is not distinctly perceptible, the 
liquid may be distilled and the first portion of the distillate neutralised 
with NsjCOs: this solution is then evaporated to dryness and the solid 
residue is tested for an acetate (826-828). 

Acetic acid may result from the oxidation of other substances 
besides alcohol. 

Starch. — Use potato or rice starch in powder ifufiyfi^, 

519. Starch is insoluble in cold water, but passes into a transparent 
liquid when it is boiled with water ; this liquid becomes gelatinous on 
cooling, if much starch is present. 

1. Starch granules may be identified by their appearance when 
examined by a quarter-inch object glass under the microscope : viewed 
as transparent objects, they appear round or oval, with more or less 
concentric dark rings. Many kinds of starch granules show a cross 
when examined by polarised light. 

These appearances are not visible in starch which has been exposed 
to heat. 

2. If starch is boiled with water, the solution wlufn, cold assumes an 
intensely bluish-black colour on the addition of a drop of solution of 
iodine : this colour disappears when the liquid is heated, but frequently 
reappears when it is cooled. 
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Gbape Sugar, or Glitcose. — CflHigOg. 

520. Glucose is a colourless soluble solid. 

1. Glucose is distinguished from other sugars by yielding only a 
yellow solution with strong H2SO4 in the presence of a little water if 
the mixture is kept cool : other sugars become black by charring. 

2. Glucose when warmed with strong KHO solution becomes brown: 
other sugars remain uncoloured by this treatment. 

3. If a few drops of CUSO4 solution are mixed with glucose solution 
and excess of KHO is then added, no precipitate is formed ; but when 
the liquid is boiled red CU2O is precipitated. 

Fehling's solvtion may with advantage replace the separate addition 
of CUSO4 and KHO. This solution is to be prepared as follows. 
Dissolve 35 grammes of crystallised CUSO4.5H2O in 1 litre of water, and 
keep the clear solution in a stoppered bottle. Dissolve 173 grammes 
of Rochelle salt together with 60 grammes of NaHO in a litre of 
water; keep this in a corked bottle. Equal volumes of these two 
solutions, when mixed together, constitute the Fehling's solution. 

4. If clean freshly washed yeast is added to glucose solution, and 
the liquid is kept at a temperature of about 25° for an hour or more in 
the Hask shown in fig. 46 (page 147), fermentation will take place 
"with the production of ethyl alcohol and carbon dioxide gas. 

The escaping gas may be detected by letting it bubble through lime 
water (229. 4), and ethyl alcohol may be found in the liquid which 
remains in the flask by the reactions given in paragraph (518). 

5. If glucose is gently heated with ammoniacal AgNOs solution 
(322) in a glass vessel a silver mirror is produced. 



Cane Sugar, or Sucrose. — CjaHjaOu. 
521. A colourless crystalline substance, easily soluble in water. 

1. Strong H^O^ produces a deep brown coloration, which becomes 
ultimately black owing to the separation of carbon. The presence of 
much water prevents this change from occurring at ordinary tempera- 
tures. 

2. KHO solution when warmed with solution of sucrose produces no 
coloration. 

3. Sucrose solution, when heated for a minute with a few drops of 
strong HCl, yields glucose, which may be detected by Fehling's solu- 
tion (520. 3), after the acid liquid has been neutralised by KHO. 



Glycerol, or Glycerine. — CsHgOg. 

522. Pure glycerol is a colourless, viscous liquid, with intensely 
sweet taste. Its specific gravity is 1 '27, and boiling point 290°, It 
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hams with a somewhat laminous flame, and is miscible with water 
and with alcohol. 

1. When heated with NaHS04, glycerine evolves pongent acrolein 
vapour. If this is passed into solution of rosanUine, which has been 
previously decolorised by SOj, it produces a red coloration: other 
aldehydes produce the same result. 



Chloroform. — CHCI3 . 

523. Chloroform is a colourless liquid, with an ethereal smell. It 
boUs at 60° '8, has a specific gravity of 1*5, and is only slightly soluble 
in water. 

1. When chloroform is heated with a drop of aniline and some solu- 
tion of KHO in alcohol, an intensely disagreeable smell of phenyl 
isocyanide is given off. 

2. Fehling's soliUion, when warmed with chloroform, deposits red 
cuprous oxide (520. 3). 

3. If a mixture of alcoholic solution of phenol with KHO is evapor- 
ated to dryness on the water bath, the residue turns a beautiful purple 
colour when moistened with chloroform. (Difference from chloral.) 



Chloral. — Use chloral hydrate, CjHClsO.HjO. 

524. Chloral is a colourless liquid, with a pungent tear-exciting 
smell. It boils at 94°, and has a specific gravity of 1 '4. "With water 
it forms a crystalline hydrate, which boils at 97° '6. 

1. Chloral, when heated with alcoholic solution of KRO and 
aniline, gives the extremely offensive smell of phenyl isocyanide. 

2. On warming chloral with ammoniacal AgNOg solution (322) and 
a drop of KHO solution, a silver mirror is readily deposited on the 
interior of the glass vessel. (Difference from chloroform.) 

3. Fehling's solution (520. 3) is reduced when heated with chloral, 
furnishing red CugO. 

4. Chloral is decomposed by KHO solution, chloroform being pre- 
cipitated, and potassium formate remaining in solution. 



Phenol, or Carbolic Acid. — CeHgO. 

625. This is, when pure, a colourless crystalline substance ; it is, 
however, commonly tinged with pink. Its smell is very characteristic. 

1. FcqCIq solution gives with phenol a violet coloration. 

2. Addition of bleaching powder to phenol solution, which has been 
mixed witli a quarter of its volume of dilute AmHO, produces a blue 
coloration. 

3. Strong H2SO4 mixed with a little 6 per cent, solution of KNO2 
and added to phenol, produces a reddish-brown coloration, which 
changes to green, then purple, and finally to blue. 
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Aniline.— CgHyN . 

526. Pure aniline is a colourless liquid ; it usually becomes brown 
on exposure to air, owing to impurity; it boils at 184° '5, and has a 
specific gi'avity of 1 *036. 

1 . Bleaching-powder, added in small quantity, produces with aniline 
a mauve coloration. 

2. Addition of H2SO4 and E2Cr207 solution produces a reddish 
colorajbion, changing to blue. 

3. Addition of chloroform and alcoholic solution of KHO produces, 
on warming, the intensely offensive smell of phenyl isocyanide. 



Urea.— CON2H4. 

527. Urea resembles the alkaloids in directly combining with acids 
to produce salts. 

1. Strong HNO^, if added to solution of urea, causes the separation 
of the crystalline nitrate : under the microscope these crystals are seen 
to be delicate rhomboidal scales. 

2. KHO when heated with urea solution slowly evolves NHs, and 
yields K2CO3, which effervesces on the addition of an acid. 

3. Hg{N0^2 yields a white precipitate in urea solution. 

4. KBrO solidwrif prepared by adding Br-water to KHO solution 
until the liquid remains yellow after being thoroughly mixed, causes 
a brisk evolution of nitrogen gas from urea and its compounds. 

A similar reaction takes place when EBrO solution acts upon orates 
or ammonium salts. 



Albumen. — Use white of egg. 

528. Solution of albumen is readily obtained by stirring or shaking 
the fresh unboiled white of egg with water and straining the solution 
through linen or allowing it to settle. 

1. Albumen is readily coagulated and precipitated as white flocks 
from its solution in water either by boiling the solution, or by adding 
it to strong HNO3, or solution of HgClj. Solutions of CUSO4, alum, 
or of other salts, precipitate albumen from its solution less completely 
than solution of HgClg does. 



529.] 



TABLE FOB OB6ANI0 SUBSTINCSS. 



329 



IV. GENERAL TABLE FOR DETECTING THE 
PRECEDING ORGANIC SUBSTANCEa 

529. The following five general tests, sapplemented by oonfirmatory 
and special tests, will be found osefol for the identifiGatioiL of 
organic substances. Reference to the fuller description of a test, 
given under the reactions of the substance, will usually be ad- 
visable. 



Exp. I. — Reat the subsUmce in am, igmHon-tube, 



Kesnlt. 



a. The substance 
volatilises, leav- 
ing no residue. 



b. The substance 
fuses, and vola- 
tilises without 
residue. 



c. The substance 
fuses and chars. 



d. The substance 
chars without 
fusing. 



e. The substance 
neither chars nor 
fuses. 

/. The substance 
fuses to a coloured 
liquid. 

g. The substance 
fuses, and evolves 
cyanogen. 



Observation. 



Inferenoe. 



The vapour is non-inflammable. 
The vapour bums with a pale flame. 
The vapour bums with a blue flame. 
The vapour bums with a pale flame ; 

slight charring occurs. 
The vapour is add and pungent, and 

inflammable. 
The vapour bums with a smoky flame. 



The vapour bums with a sm<^ flame. 

NHs is smelt, and flnally eyanogen. 

Pungent fumes yielding a white sub- 
limate. 

Pungent fumes, burning with a 
smoky flame. 



It chars slowly, evolving GO, Ac. 
It chars slowly, evolving acetone. 
It emits a smell of bums sugar. 



It emits a smell of burnt wool, and 

NHs. 
It evolves phenol, burning with a 

smoky flame. 



A carbonate remains. 
It emits a smell of burnt sugar. 
It evolves orange-coloured vapour. 
It evolves red vapour. 



ChUnroform. 
AlcohoL 
C9iloraL 
OlyceroL 

Formic add, or 

acetic acid. 
Aniline. 



PhenoL 
Urea, 

Oxalic add, or ittc- 
dnicadd. 
Benadcadd. 



Formate. 

Acetate. 

Tartaric add, dtrfc 
add, malic add, 
cane-sugar, glu- 
cose, meconic 
add. 

Urate. 

Salicylate. 



Succinate. 
Starch. 
Tannate. 
Oallate. 



A carbonate rMnains. 



The liquid is reddish ; vapour of un- 
pleasant smell is emitted, burning 
with a smoky flame. 



No further roedal observation. 
A smell of HjS is also noticed. 
The substance darkens in colour. 



Oxalate. 



Hippurate, 
fukaloid. 



or an 



Cyanide. 
Sulphocyanide. 
Ferrocyanide, or 
ferricyanide. 
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Exp. IL — Add stromg H2SO4 to the. substancCt or to its strong soltUion, 

and heat. 



Result. 



a No change oc- 
curs in the cold, 
and either little 
or no charring 
on heating. 



b. No change oc- 
curs in the cold, 
but the sub- 
stance turns dark- 
coloured or chars 
on heating. 



c. The substance 
becomes coloured 
in the cold ; the 
colour deepens 
on heating. 



Observation. 



CO^evolved ; no charring. 

HA evolved ; no charring. 

CO and CO2 evolved ; no charring. 

Pungent fumes ; no charring. 

Slowly darkens; irritating fumes 

evolved. 
Slowly darkens; acid fumes, then 

CO and CO2 evolved. 
Slowly darkens ; CO and CO2 evolved. 

(Diff. from tartrates, &c,) 
Slowly darkens ; pungent fumes 

evolved. 
Effervesces ; slowly darkens. 
HCN evolved ; no charring. 
HCN and finally CO evolved ; white 

precipitate. 
CO evolved, and turbidity formed. 
SO2 evolved ; yellow S formed. 
Slight charring. 



Fragrant smell; vapour burns with 
a smoky flame ; SO2 is evolved, and 
charring occurs. (Confirm by 518.2.) 

Acrolein is smelt; and ultimately 
SO2 is evolved with much charring. 

CO and SO2 are evolved, with graduiJ 
charring. 

CO, COo and SO2 are evolved, with 
rapid'charring. 

SO2 is evolved, and charring occurs. 

The substance then turns reddish- 
brown, evolving CO2 and pungent 
fumes. 

The substance turns brown, and SO2 
is evolved. 

A vivid red coloration is produced, 
and SO2 is evolved. 



Pale brown, cold ; blackening on 
heating. 

Yellow, cold; puce, on heating (516.1). 
Pink, cold : blackening on heating. 
Yellow, cold; charring on heating, 

and evolving CO and SOg. 
Brown, cold ; charring rapidly, and 

evolving CO, SO2, &c. 
Chars at once, forming white aniline 

sulphate. 



Inference. 



Formate. 

Acetate. 

Oxidate. 

Chloral; chloro- 
form. 

Succinate, or ben- 
zoate. 

Malate. 

Citrate. 

Urea. 

Urate. 

Cyanide. 

Ferricyanide. 

Ferrocjranide. 
Sulphocyanide. 
Meconic acid. 



Alcohol. 

GlyceroL 

Glucose. 

Tartrate. 

Hippnrate. 
Salicylate. 

Tannate. 
Gallate. 



Quinine, cinchon- 
ine, morphine, or 
strychnine. 

Narcotine. 

Brucine. 

Starch. 

Cane-sugar. 
Aniline. 



The presence of a heavy metal may interfere with the results yielded 
by Experiments IIL, IV., and V. The metal may usually be pre- 
cipitated with production of a soluble sodium salt, by boiling the 
substance with sodium carbonate solution (442). After removing the 
metal, the solution must be neutralised by addition of HNO3 of of 
Am OH as may be requisite. 
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Exp. llh-^Add to the neutral aoluHonVeJC^sohOUm. 



Besolt. 



a. A red coloration 
is produced in 
the cold. 



b. A purple colora- 
tion is produced 
in the cold. 



e. A blue-black pre 
cipitate is pro- 
duced in the cold. 



d. A blue precipi 
tate is produced 
in the cold. 

e. A buff or reddish 
precipitate is pro- 
duced in the cold. 



/. A coloration is 
produced in the 
cold. 



g. No effect is pro- 
duced until the 
mixture is heated. 



Obier?stioiL 



The coloration is destroyed Ij 
solution, and is imalteMd Iqr 
HCL 

The coloration is destroyed by dllaie 
HGl ; a red precipitate tcmoB on 
boiling. 

(Diff.) in the original eolation AgKO^ 
gives a black precipitate in hoi 
solution. 

(DiiL) strong HSSO4 gives a smell of 
flA. 

The coloration is with difficnlty de- 
stroyed by HGL Gads produces a 
white precipitate in the original 
solution on boiling. (EttS. orom 
formate and acetate.) 



A salicylate when heated with strong 
HaS04 and GHs.OH gives off methyl 
salicylate. (Difl. from phenoL) 

Phenol solution when treated with 
AmHO and bleaching powder turns 
blue. (Diff. frpm a salicylate.) 



The precipitate disappears on boiling : 
with a gallate KCa produces a rod 
coloration. (Diff. from a tannate.) 

The precipitate is permanent on heat* 
ing. Ammoniaoal GuSO« solution 
produces a green preoiptnite with a 
tannate. (Diff. from a gaUate.) 



The colour of the precipitate is 
changed by KHO into brown. . 



The addition of HGl gives crjrstalline 
scales of benzoic acid. The original 
substance bums with a smoky 
flame. (Diff. from a succinate.) 

The precipitate is soluble in HGl. A 
succinate is precipitated on the 

. addition of BaGl2, AmHO and 
alcohoL (Diff. from bensoate.) 

On the addition of HGl. hlppuric acid 
separates. The origmaf substance 
bums with a smoky flame, and 
evolves NHa and GeH^when heated 

. with soda-lime. 

The reddish precipitate dissolves in 
HGl. Gonflrm by adding to the 
original substance K^CrzOr and 
H2SO4, a blue colour appears. 



Brown or olive green coloration. 
Gonflrm by adding FeS04 solution 
to the original substance, a blue 
precipitate forms. 

The coloration is blue. 



Reddens on heating. 

Bed precipitate on heating. 

Slight red precipitate on heating. 



lotereiioe. 



Siil]^iOG]^uiide. 



IPocmate, or 
Vormate. 



Acetate. 
Meconate. 



Sa]l<7late. 
fhenoL 



Gallate. 
T^mnate. 



FezTocyanide. 



Bensoate. 



Succinate. 



Hippurate. 



Aniline. 



Ferricyanide. 



Morphine. 



Quinine, or 

brudne. 
C Siudia nina, or 

stijcdbnlne. 
Kaieotiiie. 
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Exp. IV. — Add to the netUral soltUion CaCl2 solution. 



Aesult. 


Observation. 


Inference. 


a. A white preci- 
pitate forms in 
the cold. 

b. A white preci- 
pitate forrnfi on 
heating. 

c. A white preci- 
pitate forms in 
the presence of 
alcohol. 

d. A reddish -brown 
precipitate forms. 


The precipitate is insoluble in HA 
and in KHO; it scarcely chars 
when dried and heated, leaving a 
carbonate. 

The precipitate is soluble HA and in 
KHO; it often only appears on 
shaking, and chars when dried and 
heated. Confirm bv heating the 
original solution with ammoniacal 
AgNOs (322). __ 

Confirm by adding PbA2 to the ori- 
ginal solution, a white precipitate. 

The precipitate is decomposed by 
HCl, with separation of uric acid. 

The precipitate is unchanged when 
heated. 


Oxalate. 
Tartrate. 

Meconate. 

Urate. 

Hippnrate, or 
xannate. 


The precipitate is soluble in HA and 
insoluble in cold KHO; it chars 
on being dried and heated. 

The precipitate forms more readily 
in the presence of alcohol ; it chars 
on being heated. Confirm by adding 

PbA2 to the neutral solution, and 
fusing the precipitate under water. 


Citrate. 
Malate. 


Confirm by treating the neutral solu- 
tion with FeaCle, a buff-coloured 
precipitate forms. 


Succinate. 


The precipitate turns brown on being 
heated. 


Gallate. 



Exp. V. — Add to the neutral solution AgNO^ solution. 



Result. 


Observation. 


Inference. 


a. A white precipi- 
tate forms m the 
cold. 

1 


The precipitate is unaltered when 
heated. 

The precipitate dissolves when 
heated : it is not formed in dilute 
solution. 

The precipitate forms in strong solu- 
tions, rapidly turning black; in 
dilute solutions a black precipitate 
of Ag is formed on heatmg. 

The precipitate turns grey when 
heated. 

The precipitate slightly darkens 
when heated. 

The precipitate rapidly turns black. 

The precipitate turns black on boiling. 
The precipitate is soluble in AmHO, 

and insoluble in dilute HNO3. 
The precipitate is insoluble in AmHO 

and insoluble in dilute HNOs. 


Oxalate, meconate, 

or hippnrate. 
Acetate. 

Formate. 

Citrate, or malate. 

Succinate, or ben- 

zoate. 
Tannate. gallate, 

or urate. 
Tartrate. 
Cyanide, orsolpho- * 

cyanide. 
Ferrocyanide. 


b. An orange preci- 
pitate is formed. 


The precipitate is soluble in AmHO, 
and insoluble in dilute HNO3. 


Ferricyanide. 



SECTIOI^ YII. 



LABORATORY FITTINGS, APPARATUS, 
CHEMICALS, AND REAGENTS. 



In this Section such directions are given as have been found by 
experience to be of value in fitting and furnishing a laboratory and 
in maintaining it in working order. 



Laboratory fittings. 

630. The methods of building, fitting, heating, and venti- 
lating a chemical laboratory are of prime importance in 
securing the comfort, health, and convenience of the labor- 
atory student ; in recent years very considerable advances 
have been made in these matters. For delved informa- 
tion on these subjects, reference should be made to papers 
by E. C. Robins, which are published in the Transactions of 
the Institute of British Architects for the years 1882-3 and 
1883-4. 

With regard to the building, it must suffice to state here 
that the main points requiring attention are that the in- 
ternal air space, ventilation, and window lighting both from 
the top and sides, should be secured on as ample a scale as 
possible. The inner surface of the walls should either be of 
glazed brick, which can be easily cleaned when necessary, 
or the rough brick or plaster surface should be covered 
with lime wash or distemper, which can be frequently and 
cheaply renewed. 

Around the walls, in the spaces between the windows, 
there should be large and small recesses, each of which is 
lined with white glazed tiles, has a glazed hood above and 
is closed with a sliding sash in front ; it is provided at the 
top with an outlet, through which a strong draught is 
caused. These draught cupboards should be provided with 
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several gas supplies for Bunsen burners, the taps being on 
the outside of the cupboard : they should also be furnished 
with a gas jet for lighting the interior when necessary. 
The bottom of the cupboard may be covered with sheet- 
lead, and provided with a small grid through which liquids 
escape into a drain pipe. Some at least of these cupboards 
should also be provided with a water supply pipe. A strip 
of india-rubber draught-excluder fixed along the top of the 
inner frame and lightly touching the glass, prevents the 
escape of fumes when the sash is partly opened. 

One or more of the larger draught cupboards will be re- 
served for the sulphuretted hydrogen apparatus (534). It 
will be found well to provide such a cupboard with small 
doors through which the gas may be utilised, so as to pre- 
vent it from escaping in large quantity into the laboratory 
by opening the large sash. A frame containing pairs of 
little hinged glazed doors, each about six inches by eight, 
may be introduced beneath the sliding sash. This enables 
a student to open as much of the cupboard as is absolutely 
necessary for introducing a solution : while the whole sash 
can be raised for cleansing or replenishing the sulphuretted 
hydrogen apparatus. 

One of the draught recesses is kept open for the steam 
ovens, small boiler and condenser which is described in (535). 

Two or more deep box sinks covered with sheet-lead 
should be provided for general use. These have lai^ 
water taps fixed above them at some distance from the back 
of the sink. It will be foimd convenient if each sink is 
supplied with three taps. Two of these deliver low pressure 
water, hot and cold ; and a third is connected with a high 
pressure water service, upon which a fire-hose can be at 
once adapted. 

In the frontispiece illustration of this book a block of 
four laboratory benches in the Nottingham University 
College is shown; two of these are presented to the 
observer, and are therefore visible in detail It is con- 
venient to arrange the benches in this way, since it enables 
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the washing sinks and water taps to be placed at the end of 
the bench and yet to be accessible to each student. This 
prevents the surface of the bench from being wetted and 
soiled when apparatus is being washed. 

The sinks are of stoneware, with large perforated movable 
wooden false bottoms. Half-inch outlet pipes unprotected 
by grids discharge into stoneware pots, the overflow from 
which into the drain-pipes is through a curved stoneware 
tube near the top. Any fine solid matter passing down the 
sink-pipe settles in this trap-pot, and is got rid of by taking 
out the pots and emptying them into a pail every few 
weeks. The main pipes are occasionally cleansed by flush- 
ing them with high pressure water. Any stoppage in the 
straight sink-pipe is readily pushed through with a stout 
cane. Over each sink there are three low pressure water- 
taps for washing and for supplying condensers, and two 
high pressure water-taps for aspirators. 

Lead-covered sinks lessen the number of breakages caused 
by dropping apparatus while it is being washed, but they 
are easily corroded by acids and are less cleanly. The large 
wooden grid laid on the bottom of a stoneware sink is very 
efficient and permanent. 

A wooden box is hung upon the end of each working 
bench to receive waste filter papers, broken glass, and other 
solid refuse. This is frequently emptied. 

Each bench is provided with an aperture leading to a 
strong down draught, and into this aperture a copper hood 
can be fitted, which serves to carry away acid vapours or 
badly smelling gases. This aperture is stopped with a 
wooden plug when the hood is not in use, in order to im- 
prove the draught on other benches. Copper hoods, which 
are occasionally cleansed and painted with Brunswick black, 
answer well : but fixed small earthenware hoods may be 
more convenient. A glazed draught hood extending along 
the top of the centre shelf rack of the bench has been 
found to answer well : all heating and evaporation of liquids 
is then carried out on a raised shelf imder this hood. 

The laboratory bench itself is made of stout American 
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walnut wood, the whole being stopped and yamished with 
the exception of the working surflace of the bench, which 
should be well saturated with oil and then rabbed up. 
This working surface is preserved by being occasionallj 
thoroughly washed, dried, and oiled. Less durable and 
expensive wood covered with sheet-lead has been found 
to serve well for a bench top. 

The bench may be 3 feet in height with a depth of 25 
inches. A gangway of 6 feet between the rows of benches 
is not too broad for convenience of passage. 

Two gas taps are fixed on each bench for supplying 

• Bunsen burners. One lighting burner is provided at a 

convenient height for illuminating the bench at night. A 

space of 7 inches between the reagent shelves will be found 

suitable for ordinary bottles. 

The working bench is supplied with two lockers, each of 
which has two drawers above it. In order to lessen the 
number of locks, which are liable to rust in the laboratory 
atmosphere, a flat iron bar is fastened upon a staple by a 
padlock in front of the two drawers and locker. By this 
arrangement of lockers two students are enabled to use the 
same bench at diflerent times. Each locker should have a 
different key, but all the locks are under the control of 
master keys kept by the attendant and teachers. The 
drawers should be about 3 inches in depth, and are con- 
veniently divided by wooden strips. A shelf in the locker 
should not extend more than half across, so as to leave 
standing room for tall apparatus. 

Besides the ordinary working benches, there should be at 
least one long bench, well supplied with gas and water taps 
and with overflow pipes : this serves for making up solu- 
tions, for distillations, and for other large operations. There 
should be a long bench made of a slate slab, and covered at 
a height of several feet with a metal hood, under which is a 
good draught outlet : this bench must be supplied with a 
half-inch gas pipe and taps, and with water taps and over- 
flows : it serves to support water-baths, air-baths, combus- 
tion furnaces, and gas furnaces of all kinds. 
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A blowpipe table, the top of which is edged round and is 
covered with sheet lead or zinc, should be provided. This 
must be well supplied with gas taps for gas blowpipes and 
luminous burners for bending glass ; and two or more 
Fletcher's bellows should stand beneath it. It is also well, 
if possible, to have a water-blowing apparatus near at hand 
to supply a blast to the blowpipes for long operations. 

Opening into the general laboratory there should be at 
least two separate apartments; one serving for stores of 
chemicals and apparatus, and the other for a reference 
library and for delicate metal apparatus, such as chemical 
balances, microscopes, spectroscopes and polariscopes. This 
apparatus, more especially the chemical balances, should 
stand on a broad shelf, which is at a convenient height for 
sitting ; the shelf is supported on iron brackets from the 
wall, so as to be secure against disturba^nce from the vibra- 
tions of the floor. The spectroscope or polariscope should 
have draw-curtains of black lining material, so arranged 
that when the instruments are in use, light from outside may 
be pretty well excluded. A large central table should also 
be provided for use in writing and reading. Special low 
tables, with a raised flange for gas apparatus and other 
experiments involving the use of mercury, are necessary: 
and to provide against the loss of mercury spilt from these 
tables, it will be well to have the floor covered with 
linoleum. 



List of bbnoh apparatus. 



Detailed description of apparatus is rendered unnecessary by the 
fully illustrated and descriptive price lists now furnished by the 
apparatus sellers. 

531. A list of the apparatus which should be kept in < 
bench locker will be found facing page 1. It is repeated J 
with details of dimensions and other matters. In Section 
of the book, directions are given for preparing and fitti 
apparatus. The Bunsen burner with its india-rubber i 
may be left attached to the gas tap on the bench ; all tl 

Y 
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other apparatus should be locked up m the bench locker 
when not in use. Most of this apparatus is seen in the 
Frontispiece illustration. 

1 Bunsen burner (1), about 5^ inches in height, with f-inch tabe, and 

means of closing the air-holes (1). 
1 Rose top to fit the burner. 
1 Fletcher's argand Bunsen burner, J inch size, is convenient for 

boiling the wash-bottle. 
1 Piece of red or black india-rubber tubing, -^ inch in internal 

diameter and 16 inches long, to supply gas to the burner. 
1 Test-tube stand with twelve holes, two of which are at least 1 inch 

across, and with no draining pegs. 

1 Test-tube brush (11), or a cleaner with flat india-rubber end. 
12 Test-tubes, 5 inches long, f inch in internal diameter. 

2 Boiling tubes, 6 inches long, 1 inch in internal diameter. 
2 Round glass plates, ground on one side, 3 inches across. 

2 Berlin porcelain evaporating dishes with spouts, glazed inside and 
out, and 3 inches in diameter. 

2 Watch glasses, 2 inches across. 

1 Conical flask of 4 ounces capacity. 

1 Wedgwood mortay,,4. inches across, pestle with wooden handle. 
1 Galvanised iron ^ifpb^ stand, 7 inches in height, with round top 4 
inches across ; these dimensions are suitable to the above burner. 
1 Square of coarse iron wire-gauze, 5 inches in the side ; best with the 
corners clipped ofi". 
A square of asbestos millboard may be used instead of the gauze. 

3 Plain glass funnels, two of them 2^ inches across, and one 2 inches 

across. 
3 Beakers without lips, wide form, of 1, 2, and 3 ounces capacity. 
3 Glass rods, round at the ends, 7, 6, and 3 inches in length. 

1 Piece of platinum foil, 1 inch by 1^ inch. 

2 Pieces of mounted platinum wire (7), each 2 inches long and about 

as stout as an ordinarj'^ sewing needle. 
1 Blowpipe, Black's japanned tin. 
1 Pipe-clay triangle, 2 inches along its side. 
1 Wash-bottle (10), made by fitting a conical 18 ounce flask, which is 

at least 1 inch across the inside of the neck. 
1 Retort-stand, upright rod 16 inches, foot 6 by 3^ inches, galvanised 

iron, with 3 ringsof brass or gun-metal, the largestS inches across. 
1 Wooden filter-stand (page 53), rod 12 inches high, two rings on one 

boss, each 2J inches across, foot 5 by 8 inches by J inch. 
1 Pair of polished brass crucible tongs, 6 inches long. 
1 Small horn spatula, 3^ inches long. 

1 Wicker oval draining basket, 10 inches by 8, and 4 inches deep. 
Cut filter papers 4^, 3^, and 2| inches across. 



532, 588.] SPECIAL APPABATU& 389 

List of special apparatus fob Sbotion II. 

582. This apparatus need not be supplied to each student ; 
but several sets should be kept m an accessible position in 
the laboratory, whence the j may be fetched when required. 
This apparatus should never be kept in the bench lockers. 
An asterisk indicates that the apparatus is also required for 
chemical analysis. 

*1 Nest of the three or four of the smallest sizes of brass oork-borers. ' 
*1 Triangular file, without wooden handle. 
*1 Thin round file, without wooden handle. 

* Several lengths and pieces of hard glass tubing about I inch internal 

diameter. 
*1 Gross of ignition tuhes 8 inches long, i inch across. 

* Corks as free as possible from holes and tracks, siees varying from 

f to f inch across. 
1 Small metal clamp in a boss which fits on the retort stand (see 

fig. 15, page 19). 
1 Stoppered bell-jar of 16 ounces capacity. 
4 Glass cylinders on feet, with ground edge at t^jg (see fig. page 21), 

8 inches high, If inches across. ' "•^•••l-. . V; • 

4 Similar cylinders, 6 inches high, 1^ inches acroae.. 
1 Bound brown stoneware trough, 12 Inches aicross, 5 inches deep. 

1 Metal deflagrating spoon, with brass cap 2^ inches across. 

2 Two-necked Woullffe's bottles of 8 ounces capacity. 
2 Two-necked Woulfie's bottles of 4 ounces capacity* 

1 Tubulated retort of 6 ounces capacity. 

2 Thistle funnels, 8 inches long. 

1 Clock glass about 4 inches across. 

4 Pieces of red or black india-rubber tubing, A "^ch in internal 
diameter and 1^ inches long. 

* A good supply of wooden spills, or thin strips of wood. 

* A good supply of wax tapers, about 11 inches long. 
A small piece of thin candle. 

1 Tube (fig. 20a, page 26), 6 inches long, filled with small pieces of 

calcium chloride. 
4 Strips of sheet lead, 6 inches long, i inch broad. 



List of apparatus for general use in analtsis. 

633. The following apparatus is kept in the laboratory for 
the general use of students who are doing chemical analysis. 
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One set will suffice for about twelve students. Each article 
should have its own place in the laboratoiy, and should be 
replaced immediately after use, since it maj be required 
by other students. Apparatus in (532), which is marked 
with an asterisk, is also required for analysis. 

1 Spirit-lamp, 4 ounces in capacity, with earthenware wick-holder 
and ground glass cap. 

1 Charcoal borer of conical form. 

4 Tin filter-dryers. 

4 Berlin porcelain crucibles, 1} inch across, with covers. 

1 Iron mortar 8 inches across, with pestle. 

1 Fletcher's foot-bellows. No. 5 ; and blowpipe table covered with 
sheet zinc or lead. 

1 Fletcher's Bunsen burner, with central blast, and two taps. 

1 Fletcher's solid flame burner, with tripod for boiling large dishes. 

1 Fletcher's injector-famace for strongly heating large cmcibles. 

1 Microscope, with at least a ^ inch object glass. 

1 Spectroscope, Bunsen's table form (42). 

1 Spectroscope, direct vision, pocket form. 

1 Indigo prism, stc^y^red. This is nearly filled with solution of 
indigo in strong sulphuric acid ; the dry stopper is inserted into 
the dry neck and securely fastened down with fine copper wire: 
melted paraffin wax is then run over the stopper and neck. 
The indigo solution is made by mixing commercial sulphindigotic 
acid with about ten times its measure of strong sulphuric acid, 
letting settle for several days, and decanting into the prism. 

1 Agate mortar 3 inches across, and pestle. This is used for reducing 

to fine powder hard substances which have been already broken 
into minute fragments ; this must be done by trituration, and 
blows are on no account to be struck with the pestle. 

2 Small leaden cups, about 1^ inches across and | inch deep (296). 

These are made by beating sheet lead into shape. 
2 Copper water-baths, 5 inches across, with four diminishing rings. 

One large bath with several openings may replace these. The 

baths when in use should be about two-thirds filled with water, 

and the flame is adjusted so that the water is kept just boiling. 

Evaporating basins placed on the bath cannot be heated above 

100" c. 
2 Pairs of conical flasks fitted as is shown in fig. 43 (page 126). 
2 Tubulated flasks, 4 ounces in capacity, see fig. 46 (page 147). 
A box of assorted pieces of wood charcoal, as free as possible from 

cracks and from bark. 
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SULPEUBSTTED HTDBOGEN iJ^iJUXUS. 



SULPHDRETTBD HTDBOaSN AFFAIUTirH, 

684. Sulphuretted hjdrogen gas is oonstantly required b^ 
the analyst, and should be readily obtainable at any time in 
a conatant stream. Arrangements must be made for pre- 
venting this badly smelling gas from polluting iJie atmo- 
sphere of the laboratory to any large extent. Both these 
objects, together with economy of materials, are better 
secured by the use of a lai^ apparatus in oonunon by mat^ 
students, than by the employment of a small private ap- 
paratus by each student. 

Fi«. 47. 




The gas is most readily obtained by the action of some- 
what diluted cold commercial hydrochloric acid upon frag- 
ments of ferrous sulphide The apparatus in which the gas 
IS prepared has afisumed many forms ; the one shown m 
section (fig, 47) and described below is recommended by its 
simplicity, efBciency and oheapneas. 

Two large tubulated bottles, A and B, each of at least two 
quarts capacity, are fitted as is shown in the figore. The 
tubulures of the bottles are conneoted together fay a [oeoe 
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of broad india-rubber tubing, and the bottle B is also connected 
with the wash-bottle C by narrow rubber tubing. The 
stoppers used should be made of indiar-rubber, as these are 
more durable and gas-tight than ordinary corks. The 
delivery tube D is connected with the washing-bottle by 
means of an india-rubber joint, which can be partiaUy or 
entirely closed by means of a screw clamp K 

In charging the apparatus, B is laid on its side, and lumps 
of ferrous sulphide are introduced until the bottle is full. 
This washing-bottle C is then partly filled with water ; and 
the three bottles are connected. The clamp E haying been 
closed, A is about half filled with a mixture in equal measures 
of strong commercial hydrochloric acid and water. 

When the gas is required, A is raised on a suitable stand, 
and the clamp E is gradually opened, until a regular stream 
of bubbles passes through the water in C. A part of the 
acid will run into B and evolve HgS from the FeS, and the 
gas will be forced out by the pressure of the acid remaining 
in A. Before escaping through the tube D, the gas is 
washed free from small drops of liquid containing HCl and 
FeClg, by passing through the water in C. The levels of 
the liquids in the bottles while the gas is being produced 
are shown by the horizontal dotted lines. 

When the gas is no longer required, the screw-clamp at 
E is gradually tightened, until the stream of bubbles 
through the water in C is arrested. The gas accumulating 
in B will then force the acid out of B back into A ; and if 
the glass tube at the bottom of B is bent as is shown in the 
figure, the acid will be almost completely expelled. This 
will cause the production of the gas to cease ; but it will 
recommence immediately on opening the clamp E. 

During the hours of laboratory work A should remain 
raised on its stand, and the apparatus is then always ready 
for use. At other times A is lowered into the position 
represented in dotted outline in the figure. B should be 
permanently somewhat raised to facilitate the outflow of the 
acid when A is lowered. The escape from A of HgS dis- 
solved in the acid is much lessened in amount by fitting a 
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fatmel containing water or glycerine in the stopper at the 
top of A. 

When the add ia spent and no longer oaunes e>v<daticni of 
gas from the FeS, it ia emptied away and replaced try fireah. 
Lumps of FeS are also oooasionallj filled into B. 

The apparatus should stand in a closet, lined with glaied 
white tiles, and furnished with a good draught. The bottom 
of the cupboard should be covered with sheet lead, and 
furnished with a drain-pipe for the spent acid, and a gas jet 
should be provided for lighting it at night. The closet 
must not be used for any other purpose. Arrangements 
should be made for a large openii^ in front tw reokaif;iug 
the apparatus; but a small door only should be used for 
introducing the solutions through which the gM has to be 
passed. If the front of the cupboard ia opened by meaos of 
a glazed sliding sash, a frame containing pun tJ glased 
hinged doors, each about six inches by eight, may be intro- 
duced into the grooves beneath the sash. These doon 
enable the apparatus to be used with the least posulide 
opening of the closet. Suoh an apparatus should serve 
twelve or more students, aooordlug to circunutanoea. 

Ad apparatus for private use may be fitted as shown in 
fig. 48. The larger bottle oontaios 
pieces of ferrous sulphide, upon 
which HCl, diluted with an equal 
measure of water, ia poured through 
the thistle-funnel. The gas passes 
through a little water in the smaller 
bottle, and thence into the solution 
to be saturated. The use of a small . 
apparatus by each student in a 
lai^ laboratory is not to be recom- 
mended; since it causes unneces- 
sary waste of time and materials, and does not permit of 
satisfactory control of the stream of gas which is evolved. 

Patting ^dphurelUd hydrogen. — Each student <h 1. 
keep a bent glass tube D (figs. 47, 48), wUA rnxj 1w 




344 DISTILLATION OF WATER [534. 

upon the sulphuretted hydrogen apparatus, and serves to 
conduct the gas into a solution. When a liquid is to be 
saturated with the gas, the end of this tube should be 
passed down to the bottom of the vessel containing the liquid. 
A regular stream of gas is then caused to bubble through 
the liquid by gradually opening the clamp E (fig. 47), or by 
introducing a sufficient quantity of acid into the larger 
bottle shown in (fig. 48). 

To avoid unnecessary waste of gas, the liquid should be 
of sufficient depth to absorb much of the gas, and the 
bubbles should not pass too fast to be readily counted. The 
passage of the gas should be continued for four or five 
minutes, if the quantity of metal to be precipitated is 
large : and the liquid must smell strongly of the gas after 
the air above it has been blown out. The tube D must be 
thoroughly cleansed immediately after use. 

It will be found convenient to keep a bottle of distilled 
water saturated with HgS. This is prepared by passing a 
regular stream of the gas through water which nearly fills 
the bottle. On removing the bottle, closing its mouth 
tightly with the thumb and shaking its contents violently, 
no suction is felt on the thumb, but rather an outward 
pressure, if the water is saturated. 



Distillation of water: steam ovens. 

As has been already shown (25), water ordinarily contains 
certain solid substances dissolved in it which render it in a 
chemical sense impure. Such water is therefore unfit to be 
employed for the processes of solution and washing precipi- 
tates, since any impurity thus introduced into a substance 
during analysis, would be considered, when detected, to have 
been present in the original substance. 

The quantity of these impurities present in any particular 
water-supply will depend upon the nature of the soil with 
'vhich the water has been in contact before its collection. 
The water supplied in some districts will be found when sub- 
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jected to the tests given in remark 41 (552), to be almost 
perfectly pure. Carefully collected rain water will yield 
little or no indication of dissolved impurity. The water 
supplied to the majority of laboratories will, however, be 
found to be unfit for analytical purposes, until it has been 
freed from the solid substances dissolved in it, by being sub- 
jected to the process of distillation. 

In most towns distilled water can be purchased; but it is 
preferable to distil all the water required for use, either in 
the laboratory itself or in its immediate neighbourhood. 
For this purpose steam is condensed by a block-tin worm- 
pipe immersed in a tub through which a constant stream of 
cold water runs. The steam may be obtained either from a 
steam-boiler or from a copper still heated by a furnace or 
gas-burner, or from the water-baths and steam-ovens in the 
laboratory. 

635. The distillation of water may he advantageously 
combined with the heating of drying ovens to a temperature 
not exceeding 100** C. For this purpose one of the tiled 
recesses in the laboratory wall is frimished with a glazed 
projecting hood and with a good draught from the top. 
Into this recess the arrangement represented in (fig. 49) is 
fitted. A copper boiler and a stoneware collecting jar are 
seen resting on the floor of the recess, while the set of 
double-cased copper ovens and the still tub are supported 
on a strong iron grating above. 

The steam generated by a powerful Fletcher burner passes 
from the boiler through a pipe which terminates several 
inches above the bottom of the outer casing of the ovens. 
It then makes its way between and around the various 
ovens, undergoing partial condensation while heatmg them. 
The hot condensed water thus produced flows through a 
pipe, the opening of which is flush with the bottom of the 
oven casing, into the stoneware jar, from which hot distilled 
water may be drawn when the apparatus is at work. This 
pipe has a U-bend to prevent the escape of steam. 

Any steam, which is not condensed in heating the ovens, 
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passes from the upper part of the oven casing into a block-tin 
worm inclosed in the tall still-tub, and drops as distilled water 
from the end of the worm pipe into a second stoneware 
store-jar provided with a tap below. The level of the water 
inside this jar is shown by a syphon gauge such as that seen 
in (fig. 50). 

The still-tub is supplied with a stream of cold water fix)m a 
pipe, in which is a control tap, seen at the right hand side of 

Fig. 49. 




the figure. From the opposite side of the still-tub the heated 
condensing water flows into a little feeding vessel attached 
to the side of the boiler. A portion of this hot water serves 
to keep up the water-level in the boiler to the dotted leyel 
in the figure ; and the rest flows away into the drain pipes 
through a central pipe seen in the feeding vessel. 

All the connections are made by means of screw xtnion 
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joints. The apparatus can, therefore, be quickly and easily 
disconnected for removing the incrustation in the boiler and 
on the condensing worm, and for repairs. 

This apparatus may be allowed to run uninterruptedly 
for several days and nights in succession without any atten- 
tion, after the gas burner has been lighted and the supply 
of condensing water has been regulated by the tap. 

It has been found possible to attain a higher temperature 
than that usually recorded in a steam-oven, by dispensing 
with the usual inlet for air through the door. The air is 
admitted through a narrow copper tube, one end of which 
is seen immediately beneath each door, the other end open- 
ing into the oven flush with its bottom. The pipe itself is 
thus constantly surrounded with steam, and the air passing 
through it into the oven enters at a temperature of nearly 
100°. There is a small outlet for air provided at the upper 
part of the back of each oven. 

If the processes of distillation and heating the steam ovens 
are not combined in one apparatus, the constant still figured 
and described below will be found very serviceable. The 
sketch in (fig. 50) renders a lengthened description unneces- 
sary : it represents the apparatus in section. 

The water in a copper still (A) is heated by the flame of 
a Fletcher burner or of a large-sized Bunsen burner. The 
steam thus generated passes from the top of the still through 
a spiral tin tube immersed in water in the condensing tub 
(B), which is made of copper or galvanised iron. From this 
condenser the distilled water flows into a large stoneware 
vessel (C), which is furnished with a tap below, from which 
the water is drawn when required. A long syphon tube 
(CD) serves as a gauge to indicate the level of the water 
inside the jar. 

The condensing-tub (B) has three tubes let into the side 
facing the still. One of these (d), placed about an inch 
above the bottom of the vessel, is the inlet for cold water 
from a cistern, the water level in which must be higher 
than that maintained in A and B. This level, marked by 
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the single dotted line, is kept constant by the overflow- 
tube c, which is connected with a pipe leading to a sink or 
drain. Just below this overflow-tube is a short tube (/), 
which is on a level with another {g) opening into the side of 
the still. When these two tubes are connected by means 
of an india-rubber joint or a screw union, a supply of warm 
water from the upper part of the condenser is furnished to 
the still, and keeps the level of water in it constant. A 

Fig. 50. 




small glass jet drawn out from a piece of glass tubing is 
fitted into this connecting-tube, and has been found sufficient 
to prevent an undue circulation of water between the still 
and the condenser. The still is supported on an iron ring, 
projecting as a bracket from the condenser. 

Time is economised by having two taps in the inlet-tube 
d\ or by using two clamps on the india-rubber joint which 
onnects it with the supply-pipe from the cistern. The 
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flow of water may then be regulated once for all by one tap 
or clamp, the other being used only for stopping and start- 
ing the stream. The copper still should be furnished with 
a lid screwing upon its mouth, for convenience in removing 
the deposit which collects within. Into this lid should be 
fastened a brass tube carrying a screw union, by which the 
tin condensing pipe may be connected steam-tight with the 
still. 

By the above arrangement the still is constantly supplied 
with the hottest water from the condenser through the 
lateral tube. When the apparatus has been properly fitted 
up and the supply of water adjusted, it requires no atten- 
tion whatever except lighting and extinguishing the gas 
under the still, and turning the water supply on and off 
when the distillation is started and stopped. It is advis- 
able occasionally to remove the incrustation from the in- 
terior of the still, and from the supply-tube connecting it 
with the condensing vessel. 

The wooden stand for the still and storing jar is con- 
veniently fitted with shelves and doors to serve as a store 
cupboard. 

Such a copper-still, 23 inches in circumference below and 
8 inches in height, when filled to a height of 4 inches and 
heated by the largest Bunsen burner, yields two litres of 
distilled water per hour. 

In laboratories which require a larger supply of distilled 
water than can be furnished by the above apparatus, a 
copper still of several gallons capacity may be set in masonry 
and heated by a small furnace fed with coal, coke, or gas. 
The overflow from the still-tub should then pass into a small 
cistern, the overflow-pipe of which keeps its water surface 
level with that required in the still. The still is supplied 
with hot water, by connecting it with this cistern by means 
of a tube bent downwards in its middle, so as to prevent 
the backward passage of water from the still to the cistern. 

The purity of distilled water may be ascertained by the 
tests described in remark 41 (552). 
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Tk* tuam^jtttk ia k mftH oTcn of riieet copper, which is 
•oatA for drrmg sabsucces U % Xa^^arnxoK not exceeding 
100' C. If such orend «c not heated br iteuD from a 
aepance brMlo- , one or more of them sfao«dd be heated by 
boiling water in the apace betweea the oren hxelf and a 
c^>pp«r caaiDg which sorroanda it (fie. 51). Tbe ooter casiag 
p,^ jl often has a circular 

opening cat in the top, 
which serres as a water- 
bath : this is covered by 
a lid when oot in use. 
The lerel tA water in the 
jacket may be main- 
^ taiaed constant by a 
little contriTBDce shown 
in section at & A small 
reservoir, communicat- 
ing by a lateral tube 
, > , with the space between 

the oven and its jack'rt,-v^RliBtantly replenished by water 
which drops into it from the supply tube {d). The overflow 
of this reser^-oir is a central tube, the end of which to-minates 
just above the level of the lateral tube. The outlet for 
steam (/) may be turned downwards, bo that any water 
formed by the condensation of the steam drops into tiie 
reservoir (e); or It may be made to communicate with the 
worm of the still, when the steam will be condensed into 
disitilled water. 

The stcam-ov en should if possible be supplied with distilled 
natcr, as the formation of a troublesome incrustation in the 
interior is thus prevented. A raised veseel ot distilled water 
may be connected with the supply pipe ((^), and the overflow 
VA coUectcI and occasionally returned to this supply TeaseL 
Or lictter still, the escape pipe (/) may he turned upwards 
mid connected with » long vertical or oblique tube, which will 
uiindeusc the escaping steam and return it to the oven. This 
obviatcH the necessity of a constant supply of water. In this 
L'uHct lie water in the oven should not be boiled too Airioiuly. 
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RECOVERY OF SILVER AND PLATINUM FROM 

THEIR RESIDUES. 



No waste scraps of platinum or silver, or solutions and 
precipitates containing Ag or Pt, should be thrown down 
the sinks; they should be preserved in two large jars 
specially reserved fo» them, and labelled diver ^esidnes 
and platinum residues respectively. Reagents may be 
obtained from these residues occasionally by the methods 
described below. 



Silver residues. 

536. Some HCl is poured into the jar containing the 
silver residues and is thoroughly mixed up with the liquid. 
The j)recipitate is then allowed to subside, and, after the 
decantation of the liquid, is thoroughly washed by de- 
cantation (31). It may then be treated either by method 
1 or 2. 

1. The wet precipitate is rinsed into a flat shallow dish 
and the layer of water is acidified with HgSO^. Strips of Zn 
free from Pb are then laid upon the silver precipitate, and 
the whole is allowed to stand quietly for several hours. 
The black spongy mass which remains is metallic silver. 
It is separated from any remaining Zn, and is then 
thoroughly washed until it is free from H2SO4. 

This metallic deposit is dissolved by heating it with pure 
strong HNO3, previously diluted with its own measure of 
water. The solution is evaporated to dryness, the solid 
residue is dissolved in water and once more evaporated to 
dryness to remove free acid completely. The solid is then 
dissolved in the proper proportion of water to give reagent 
48 (551). Any residue insoluble in HNO3 ^® returned to 
the silver residue bottle. 
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2. The well-washed precipitate obtained from the silver 
residue bottle is filtered off and dried. It is then mixed 
with twice its weight of a mixture of KgCOg and NagCOg in 
equal proportions. This mixture is transferred to a clay 
crucible and fused in a furnace. After the contents have 
been kept in a fused condition for four or five minutes, the 
crucible is removed and its bottom is tapped several times 
on a brick to cause the melted globules of Ag to unite. 
When the crucible is cool it is broken up; the button of Ag 
at its bottom is removed, well washed, and converted into 
AgNOg solution as is described in the preceding paragraph. 



Platinum residues. 

637. The liquid is shaken up with the precipitate and 
evaporated to dryness in a porcelain dish. The residue is 
then heated strongly for some time. When the dish is 
cool, water is poured upon the residue and boiled with it, 
then decanted off. Solution of oxalic acid is then poured 
into the dish and evaporated to dryness, and the residue is 
once more ignited strongly. 

The residue of metallic Pt is thoroughly washed with 
boiling water, and is then dissolved by heating it with HCl 
to which one-third its measure of HNOg has been added. 
The solution is evaporated to dryness over a water-bath. 
HCl is then poured in, and the liquid is once more evapor- 
ated to dryness and heated for some time on the water- 
bath. This residue when dissolved in water forms reagent 
28 (551). 

Any waste scraps of platinum foil and wire should be 
carefully preserved, and after having been cleansed by 
boiling them with HNO3 and then washing well with water, 
they may be dissolved in HCl and HNO3 ^^^ solution of 
PtCl^ prepared as is described in the preceding paragraph. 
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CHEMICALS AND KEAGENTS. 



In the following paragraphs general directions are given of the pre- 
paration of reagents and test substances required in the preceding 
analytical course. Tabulated lists of the names and formulse of these 
substances follow, a reference number being attached to each, and 
certain necessary details concerning its preparation and the tests for 
its purity being also supplied. Lists of the chemicals required for 
the experiments in Sections I. and II., and certain special reagents 
for detecting the rarer elements and organic substances, are also tabu- 
lated. 

Samples of substances for analysis are given in (558-561), and 
information concerning atomic weights, thermometiic scales and 
English and French weights and measures, is contained in paragraphs 
(562-564). 

The pure chemicals required in analysis are readily purchased, and 
it will be found more economical as a rule to buy than to prepare 
them. 

The preparation of the solutions, and the dilution of acids and other 
liquids should, however, always be performed in the laboratory, since 
this lessens cost both of purchase and of carriage. 



538. Many reagents and test substances must be dissolved 
or diluted for use. As these processes of solution and 
dilution must be constantly carried out in a laboratory, it is 
important that the methods employed should be as simple 
and rapid in execution as possible, and that the labour 
should be minimised. 

It is also of great importance that the solutions should be 
of appropriate strength. It is usually advisable that the 
same liquid should be of different strengths when used for 
a reagent and as a test solution. In either case a strength 
can be selected which generally yields the most satisfactory 
results : if the solution is stronger than this, chemicals are 
wasted ; if it is weaker than this, the reaction is not satis- 
factorily obtained. Hence it is advisable to prepare these 
liquids for the student rather than to leave them to be 

z 
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prepared doubtfully or wastefiilly by him when required: 
and in order to reduce the labour of preparing solutions to 
a minimum, it is well to make each in some quantity and to 
keep it in stock- 

The apparatus required for preparing solutions includes — 

A common pair of scales, with earthenware slabs, and beam below. 

A more delicate pair of ordinary scales. 

A set of brass weights from 1 Idlogram to 1 gram. 

A strong glass cylinder to deliver 1 litre, and with gradnations for 

every 5 or 10 cubic centimetres (cc.). 
Several large wide-mouthed gallon jars, some of stoneware or 

earthenware, others of common green glass. 
Several large funnels of glass or Wedgwood ware. 

A convenient store bottle for liquids is the well-cleansed 
Winchester qvart, in which acids and other liquids are con- 
stantly supplied to the laboratory. 

The process of preparing liquids is naturally divided into 
the dilution of liquids (539), the solution of solids (540), 
and the solution of gases (541). 



Dilution op liquids. 

539. In the lists which follow, the proportions by measure 
in which liquids are to be mixed with distilled water are 
stated. Liquids may be mixed in these proportions by 
measuring them before they are mixed. But the process is 
often simplified by measuring the height from the bottom 
of the cylindrical vessel in which the mixture is to be made 
to the level which the mixture is to reach. This height is 
then divided in the requisite proportion ; and the division is 
marked by a file or a diamond, by a painted line, or by 
an india-rubber ring. The liquids are then filled in and 
thoroughly mixed. The mark once made will always serve 
for diluting the same liquid again in this vessel. 

Thus dilute HCl, No. 2 (550), is made by mixing strong 
HCl with three times its measure of water. The height <rf 
a Winchester-quart bottle to its shoulder was found to be 
8 inches. A mark was therefore made on the bottle 2 
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inches from the bottom; strong acid was poiired irntil it 
reached this mark ; the bottle was filled to the shoulder with 
distilled water, then stoppered and shaken, and was thus 
quickly filled with dilute acid of the required strength. 

This method serves for numbers 2, 3, 4, 6, and 7 (550). 
In the preparation of dilute HgSO^ special precautions are 
necessary, because the strong acid becomes intensely heated 
by dilution, see remark 1 in paragraph (650). 



Solution op solids. 

540. In the lists which foUow there is always placed, in 
the fourth and fifth column against each solution of a solid, 
the proportion of solid to water to be used in preparing it. 
In some of the tables the fourth column gives the number of 
grammes of the solid to be dissolved in the Winchester-quart 
of water. This number is derived from the proportion of solid 
to water, by considering that an average Winchester-quart 
bottle filled about an inch above its shoulder holds 2400 c.c. 
(cubic centimetres), or approximately 2400 grammes, of dis- 
tilled water. In a similar manner the weight of water held 
by any other bottle or vessel may be obtained with sufficient 
accuracy for this purpose by measuring its capacity in cc, and 
counting this number as the weight of water in grammes. 

Thus the strength given for the AmCl reagent solution. 
No. 5 (550), is 1 : 8, as is shown in the fifth colimin. This 
means that a given weight of water must have dissolved in 
it one-eighth its weight of solid AmCl. Since a Winchester- 
quart bottle holds 2400 grammes of water, one-eighth of 2400 
or 300 grammes of AmCl must be dissolved in this water to 
obtain a solution of the required strength. 

Pure solid chemicals are usually sold in the crystalline 
condition. Hence it may be assumed that the crystalline 
substance is to be used, unless (a), which signifies amorphous, 
is placed against the name in the first column in the table. 

If a small quantity of a finely powdered solid has to be 
dissolved, or if the solid is extremely soluble in water, the 
solution is often most simply made by introducing the 
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weighed solid at once into the water contained in a stop- 
pered bottle or beaker, and shaking or stirring until solution 
is completed. This method is successful with No. 10 (550), 
with Nos. 28, 34, 38, 48, 53, 61, 63, 70, 77, 78^ 81, (551, 
552), and with many of the substances in (553, 554). 

For dissolving large quantities of solids two methods are 
described below. The former (541) is useful when the solu- 
tion must be rapidly prepared; but the latter (542) is 
decidedly preferable for many reasons, and should always 
be employed if possible. 

541. Method I. — ^Weigh out the required quantity of the 
solid substance, and dissolve it by heating with distilled 
water in a large porcelain dish over a Bunsen burner with a 
rose-top, or over a Fletcher burner. This solution would 
often crystallise on cooling; hence it should be at once 
ix)ured into some cold distilled water contained in a large 
beaker which has been marked to show the quantity of 
liquid required to fill the store bottle. While pouring off 
the liquid press a wet glass rod, held vertically, against the 
lip of the dish, and let the bottom of the dish touch the top 
of the beaker. These precautions will prevent the liquid 
from running down outside the beaker. 

Dilute this with distilled water to the required volume ; 
mix well by stirring ; and if the solution is turbid let it 
stand covered from the air until it is clear. Then pour it off 
into the store bottle, carefully leaving the sediment behind. 
If the liquid is wanted in haste, it may be filtered into the 
bottle. The coarse brown French filter-paper is useful for 
this purpose, since it is strong and porous. The liquid 
should be filtered before diluting it to the full extent, as the 
(luantity to be passed through the filter is thus lessened and 
time is economised. 

The method is of general application in the solution of 
solids. 

542. Mbthod II. depends upon the fact that the specific 
gravity of water becomes higher as the quantity of solid 
dissolved in it is increased. Hence if the solid is immeiBed 
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in the water near its surface, a circulation of the liquid is 
produced. The water which has been in contact with the 
solid, and by dissolving some of it has increased in specific 
gravity, constantly sinks and is replaced by the compara- 
tively lighter liquid from below. This circulation of water 
over the solid substance gradually dissolves it without the 
use of heat, and the process requires no attention after it 
has once been started. 

1. The most simple method of applying this principle is 
to lay the weighed solid upon a piece of dry well washed 
muslin. This is then tied up into a little bag and suspended 
in the upper part of the water contained in a jar of common 
stoneware or earthenware or of thick green glass. A glass 
rod placed across the mouth of the jar serves to hang the 
bag upon. The process of solution by this method is very 
rapid. 

2. A glass cylinder A (fig. 52) which is open at both 
ends (such as a broken beaker, flask, or bell-jar) has one 
end covered with muslin, which is fastened • 

on by an india-rubber ring and is shown by ^^* * 

the lower dotted line. This cylinder with a 

muslin bottom is supported in the jar by 

means of two pieces of glass rod or tube, 

bent as is shown at c c c. Distilled water 

is poured into the jar until it buries the 

muslin to the depth of about half an inch. 

The weighed substance is then placed in 

the cylinder, and the whole is allowed to 

stand until the solid has been dissolved. 

With large quantities of substance this will 

usually require several hours, with smaller quantities about 

twenty minutes or half an hour. 

3. A convenient substitute for the glass cylinder with 
muslin bottom is an earthenware colander (fig. 53). If the 
jar is too large a stoppered bottle of suitable size may be 
placed in it to raise the water level sufficiently to reach the 
substance. 
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qtmntity of water placed in the jar must be less than the 
roliirrie of jiolution required, and the liquid is made up to 
\\i(t rc^^uired volume after the solution has been effected. 

545. PrfqjaroXum of fatttraUd solutions. — ^A solution is 
Haid to be saturated, when it contains the largest amount of 
the substance which the liquid can dissolye at the tempera- 
ture of the solution. The quantity which can be dissoWed 
usually varies widely with the temperature, and in the case 
of a solid commonly increases with rise of temperature. 
Saturation at ordinary atmospheric temperature is always 
implie^l IxjIow. 

The methods described in (542) are very convenient for 
the [ireparation of saturated solutions. The solution is 
known to be saturated when the solid supplied to the upper 
part of the liquid ceases to be any further dissolved. 

In the case of a finely powdered substance, which remains 
long suspended in water, a saturated solution is also easily 
obtained by shaking the powder up well with water. The 
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powder is then allowed to subBide, and the dear solution 
is decanted. The following solutions will serve as illus- 
trations. 

1. Calcium sulphate solution^ No. 16 (550), is made by 
filling a Winchester quart up to its shoulder with distilled 
water; then pouring in some plaster of Paris powder, 
stoppering the bottle and shaking it welL The liquid will 
remain milky for a long time ; and since the water is thus 
kept in contact with a large surface of the solid it will 
become saturated with CaSO^ before the powder has settled. 
As soon as the liquid has become perfectly clear by settling, 
the solution is decanted into another bottle for use. The 
sediment remaining in the first bottle is again shaken up 
with water and the bottle is set aside ; it will thus furnish 
a fresh supply of the clear solution when required. 

2. Liine water. No. 57 (552), is prepared by introducing 
freshly slaked lime into a Winchester quart bottle filled to 
its shoulder with tap water^ and proceeding precisely as in 
the preparation of calcium sulphate solution described in 
the preceding paragraph. 



Solution op gases. 



546. Many gases, which are more or less soluble in water, 
are most conveniently applied as reagents in the dissolved 
condition. Those which are most frequently used can be 
readily and cheaply purchased, such as ammonia solution. 
No. 6 (550), sulphur dioxide solution, No. 49 (551), and 
hydrofluosilicic acid. Of the remaining gaseous solutions 
mentioned below, sulphuretted hydrogen solution should be 
kept in readiness, but the gas may be passed through the 
solution instead ; nitrogen tetroxide solution is replaceable 
by a freshly acidified solution of potassium or sodium 
nitrite; and as a substitute for chlorine water either 
bromine water or freshly acidified solution of bleaching 
powder may be employed. 
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It will be seen, therefore, that the preparation of gaseous 
solutions is by no means indispensable. 

All the solutions mentioned below should be prepared in 
the open air or under a good draught, eiuce the gases have 
an unpleasant smell and are injurious when inhaled. 

Each gas is made to pass from the generating apparatus 
Fio ll down a doHverj-tube (ab) to the bottom of 

_ e. some cold distilled water, contained in a 

bottle which can be closed by a well-fit- 
ting stopper (fig. 54). The water is kept 
oool, if necessary, by immersing the bottle 
in a pan of cold water. Bubbles of gas 
are thus made to pass in a rapid stream 
through the whole height of the liquid, 
and a portion at least of each bubble will 
be dissolved. 

The solution is saturated when the gas is not further 
dissolved. This may be judged in some cases by obserruig 
whether the bubbles cease to diminish in size during theur 
ascent through the liquid. But a better test of saturation 
consists in withdrawing the delivery tube; then at once 
closing the bottle with the stopper or the thumb, and 
shaking it well. If pressure is felt from within, due to the 
liberation of some of the dissolved gas by the agitation, the 
solution is saturated. But if suction from within is felt, 
due to the solution of the gas filling the upper part of the 
bottle, the liquid is not yet saturated with the gas. 

1. Saturated solution of sulphuretted hydrogen, No. 36 
(551), is made by passing the gas from the apparatus de- 
scribed in (534) through water as is described above. The 
solution should be prepared in small quantity only, sJooe 
the gas is decomposed with deposition of sulphur by the 
oxygen dissolved from the air. 

2. Saturated sulphurous acid solution, No. 49 (S51), ia 
jircpared as is described above, by saturating water with 
aulphur dioxide made in an apparatus such as is shown in 
{fig. 55) by the process described in (23). This solutum is 
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kept in stock for pharmaceutical purposes, and may there- 
fore be readily purchased. Liquid SOj may also be pur- 
chased and employed for saturating a solution. 

3. Chlorine water^ No. 60 (552), is made by passing 
chlorine into cold "water 

until it is bright yellow ^^®- ^^' 

in colour. The requi- 
site apparatus is shown 
in (fig. 55), and the 
preparation is described 
in (21). This solution 
is rapidly altered by 
the action of daylight 
into one of hydrochloric 
acid, with escape of 
oxygen. It must there- 
fore be kept in a perfectly dark cupboard, or in a bottle 
shielded from light by an opaque covering. 

For many purposes bromine water, No. 43 (661), may be 
substituted for this reagent, and is much more easily pre- 
pared and preserved. Or a little bleaching powder may be 
shaken up with water in a test-tube ; and this when acidified 
will contain chlorine gas in solution. 

4. Nitrogen tetroxide solution^ No. 71 (552). Lead nitrate 
in dry powder is heated in a test-tube fitted with a cork and 
delivery-tube (fig. 56). p^^ 5g 

The reddish-brown gas 
which escapes is passed 
into dilute HgSO^. Care 
must be taken to main- 
tain the heat uniformly 
after the fumes begin 
to be evolved, else the 
liquid may be sucked 
back into the hot tube 
by the contraction of the 
gas on cooling. For the same reason the delivery-tube 
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must be removed from the liquid as soon as the heating is 




5. Hydrofluonticic acid, No. 35 (551), is made by passing 
silicon fluoride gas into water. The gaa is prepared in a 
P 67 flask fitted as is shown in {fig. 55), Into this 

flask an intimate mixture of 50 grammes 
of dry, pure, finely-powdered fluorspar with 
. .50 grammes of fine white sand is poured; 
300 grammes of strong H^SO^ are then intro- 
duced through the funnel tube, and the acid 
is mixed with the powder by shaking it round 
in the flask. The gas is evolved on gently 
heating the flask with a small flame from a 
rose-burner.' It is made to pass first through 
the bottle B (fig. 55), which must be empty 
and dry inside. Thence it escapes through 
a bent tube a h (fig. 57), which is fitted upon the outlet 
tube of B by an india-rubber joint. The end of the tube 
(a h) is made to dip into mercury contained in a small 
beaker d (fig. 57), which stands in a large beaker containing 
400 c.c. of water. 

As soon as the silicon fluoride gas comes into contact with 
the water after escaping from the mercury, it is decomposed 
into hydrofluosilicic acid which dissolves in the water, and 
silica which remains suspended in the water as a gelatinous 
mass. The silica would very soon close the end of tho 
delivery-tube (a h) if it were not protected from contact 
with water by being immersed in mercury. 

As the current of gas slackens, the heat is raised, until 
white fumes of H^SO, begin to appear in the preparation 
flask The process is then arrested, and the gelatinous 
silica 13 separated from the solution. This is efiected by 
squeezing the liquid through fine muslin, and then filtering 
it if It IS not quite clear. The silica may be dried, heated 
stiongly 111 a porcelain dish, and put by in a stoppered 
bottle as reagent No. 86 (552), for which it aervee admir- 
ably. 
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STORE JARS AND BOTTLES. 

547. As store jars for large quantitieB of solid chemicals, 
the broad-necked common green glass jars with fiat stoppers, 
which are used for preserves and confectionery, may be em- 
ployed. They are very cheap and strong, and present the 
advantage over stoneware jars that one sees at a, glance the 
quantity of material they contam. The stoppers exclude 
dust and can be at once made air-tight by fastening a cork 
ring around their lower part. It is, however, necessary to 
exclude air perfectly from only very few chemicals. These 
jars can be purchased in several convenient sizes. Solids 
are readily removed from them by means of wooden spoons. 

The little white glass honey-jars with glass caps serve 
well for keeping smaller quantities of solids, and can be 
similarly made air-tight by means of a cork strip. These 
jars serve for storing the solid powders which are required 
for analysis in the laboratory (559-561): their necks being 
of the necessary width for inserting a watch glass. 

Well made German white glass bottles can be purchased 
for the reagents and test solutions. These bottles have flat 
beaded stoppers which protect the lip from dust; and each 
stopper has been ground into the bottle so as to insure its 
fitting. Stopper and bottle are then prevented frx)m per- 
manently parting company by having an identical number 
etched upon them. 

The liquid bench reagents (550) may be kept in narrow- 
necked bottles of 6 or 8 ounces capacity, and the solids 
in 4 ounce broad-necked bottles. The special reagents 
(551, 552) should be in 12 ounce bottles. The test-solu- 
tions (553, 554) require larger bottles of about 32 ounce 
capacity : they may be kept in stock in Winchester quart 
bottles. 

The bench reagent solutions may be conveniently kept 
in stock in an accessible position in the laboratory in laige 
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white glass jars with glass taps below. These taps are 
ground into a tubulure near the bottom of the bottle. After 
they have been inserted, perfectly dry, and greased, they are 
fastened by a thick coating of paraffin wax. The plug and 
seat of the stopper require to be occasionally thoroughly dried 
and greased. This arrangement of the stock enables each 
student to fill his own bench bottles when necessary. 

Accurately fitting stoppers should not be used in bottles 
containing solution of KHO or NaHO, as they are certain 
to be set fast. A loosely fitting stopper, or a glass marble 
placed on the neck, obviates this difficulty. 



Labelling bottles. 

548. Every bottle in use in the laboratory should be 
labelled as permanently as possible. Beginners are much 
assisted if the label bears not only the name but also the 
chemical formula of the substance contained in the bottle. 
It is also extremely convenient to legibly nimaber each 
bottle in the series. This number serves as a short means 
of reference ; it also helps to keep the bottle in its place, so 
as to ensure its being easily found. This is made more 
certain still if the edges of the shelves are numbered to 
correspond with the bottles which should stand on them. 
The gummed labels should be stored in a dry place. 

The whole surface of the gummed label should be care- 
fully made to adhere to the bottle by pressure with a clean 
cloth. It is then allowed to dry thoroughly. It is then 
preserved by being brushed rapidly across with an ordinary 
broad flat and stiff" gum brush, which has just been taken 
out of a little dish of melted paraffin wax. A thin coating 
of the wax is thus laid on ; this should entirely cover the 
label and project for a short distance beyond its edge upon 
the glass surface. A little practice will render it possible to 
lay on an even layer of the wax which does not penetrate 
and grease the paper. If the paraffin be heated only slightly 
»bove its melting point it will set too rapidly to grease the 
)aper. 
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This paraffin varnish, if properly applied, perfectly resists 
the action of water, acids, and alkalis. In fact, it can only 
be removed or injured by mechanical means, by heat, or by 
such solvents as ether and turpentine. 

Bottles containing the strong mineral acids commonly 
have ordinary labels etched upon their surface ; but this is 
unnecessary since the paraffined paper label stands perfectly 
well. Names and formulae painted on bottles with Bruns- 
wick black are also very permanent in the laboratory. 



LISTS OP REAGENTS AND CHEMICALS. 

549. In the following lists (550-554) will be found each 
reagent and test substance required in the analytical course. 
In the first column is a number which may be used for short 
reference, and which serves to keep the bottle in its place, 
and to find it when required. In the second colimm stands 
the name, and in the third the chemical formula, of the 
substance. The subsequent columns give the strength of 
the solution and details of its preparation, in cases to which 
the general methods described in (539-545) do not strictly 
apply. 

An " s " following the reference number in paragraphs 
(553, 554), means that the substance is required in the 
solid state as well as in solution. Some of the solid in 
powder should be placed in a 4 oz. bottle and kept near the 
solution. 

The directions for preparing liquid reagents have been 
already given in (539-546). It is only necessary to add, 
that in stating the proportions of solid or liquid to water 
required for the solutions, the water always stands last ; and 
that (m) signifies proportion by measure of liquids^ and (w) 
proportion by weight of solids to water. 
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EEAGENTS BEQUIBED 



[560, 



550. — Eeagekts required 



Reference 
number. 



Liquids. 
1. . 

8. . 

5. . 

6. ••• 

7. . 

o« ••• 

9. . 

10. ... 

11. . 

X^ ••• 

13. 

14. ... 

15. 

16. ... 

17. 

Solids. 

lo. ... 

19. . 

20. ... 
21. 



2. 

ISame. 

[The numbers in brackets refer to remarks corre- 
spondingly numbered in the sixth column.] 



Sulphuric acid 0)> • 
Hydrochloric add O, 
Mtricacid(*X . 

Acetic acid 0), .„ 

Ammonium chloride ("), 

Ammonia, or Ammonium hydrate 

Ammonium sulphide 0> 

Ammonium carbonate (^ ... 

Ammonium oxalate, • . 

Potash, or Potassium hydrate, 

Potassium chromate, . 

Potassium ferrocyanide, 

* Potassium f erricyanide (*), . 
/ 1 Sodium phosphate (}% or 
^ Hydric disodic phosphate, or 
\ Hydrogen disodium phosphate. 

Sodium carbonate. 

Calcium sulphate, 

Barium chloride. 

Sodium carbonate (}^), 
Borax (12), 

Potassium chlorate, 

Test papers. 



CO 



8. 

Formula. 



H2SO4 • , • • 

1v/l ••• ••« aa( 

HNO, . 
( fiA, or J 

( HC2H3O2 \ *" 

1^401 . 

JNH4HO ... — M« 

0S^4^Q . • • 

(nh:4)200s ... ^ 

(NH4)2C204.2H30 

JjlCL\/ ... ... ... 

E2Gr04 ... 
K4Fevys.SH20... ... 

EI^PejCyK 

Ka2HP04.12H^ 

Ka2GO8.10H2O (crystals) 
CaS04 ... ... M« 

BaCls-SHsO 

NaHCO, 
Na2B40r 
KdOj ... ... M. 



* This reagent undergoes decomposition by exposure to light and must not be kept 
t' Hydrogen sodium ammonium phosphate (NaAmHP0)4 solution senres better for 
^ above for Na2HP04 . 
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VOB BAOH BXNOH. 



Proportion of 
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«. MnBl siYB no prectpitate wfUi Esdj . 
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[651. 



551- — Eeagents fob General Use, 

Except in large laboratories it will be unnecessary to keep these 
in the laboratory, may be made up to the right strength as soon as they an 



1. 



Reference 
number. 



25. 
26. 
27. 
28. 
29. 
80. 

81. 

82. 
88. 
84. 

85. 

36. 

87. 

88. 
89. 

40. 

42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
58. 



2. 

Name. 

[The small numbers in brackets refer to remarks 
correspondingly numbered in the fifth column.] 



••• ••• 



Sulphuric acid (>0 
Hydrochloric acid 0* 
Nitric acid (8)* . 

t Platinum chloride 

Alcohol, Rectified spirit (i") . 
Tartaric acid Q*) 

Acid sodium tartrate, Hydric sodic tartrate (^o) 

Slaked lime (^i) 

Acetic acid (<)• 

Cobalt nitrate (^ 

Hydrofluosilicic acid p) . . . . 
( Sulphuretted hydrogen solution ) 
t Hydrogen sulphide f ^ ^ 



Oxalic acid 



H^ 



Potassium sulphocyanlde 
Potassium nitrate 



Lead acetate (^ 



••• ••• 



Sodium acetate 



Potassium cyanide (2«) 
Bromine-water (*^) t . 
Stannous chloride (^) 
Copper (») 

Zinc (30) ., 

Steel («) . 

Silver nitrate 

Sulphurous acid 
Copper sulphate 
Magnesium sulphate . 
Mercuric chloride 
Gold chloride 



8. 



Fonnola. 



H2SO4 • • 
HNO, . 

PtCI^ ••• ••• ••! 

C2H8O . • • 

HsTorHsCAOt *» 
(NaHLHsO 
lNaHC4H40«.HsO 

Ca(HO)s 

HA or HCzHsOs 

Co(N0^.6HaO 

HjSif^c • • • 

HgS-solution ... «• 

( H20.2H,0 ) 

t H2C2O4.2HSO I 

KCyS ••• .M — 

KNOt . 
(PbAs.8HsO ) 

tPb(C,H,Ojj)2.8H^r 
( NaA.8H20 ) 

tNaC,H,02.8H20 t' 

KQyorKCN ... ^ 

Br-water 

SnC3t.3H20 ... 

Ca 

Zn 

Fe 

AgNOs ... 

H2SO, . 

OuS04.6HxO 

MgS04.7H20 

HgCi2 •*. 

Auds . 



!•• 



( 



^ee last column on the preceding page. 

Must be used in very small quantity only, being an expensive reagent. 
^'Jodium hypochlorite (NagClaO), the "Liquor Sods Chlorinata" of commaiee 
»e used, but does not keep well. 
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FOR THE Detection op Metals. 

iagents in store in quantity. The 12 oz. bottles in which they are contained 
aipty by the proportions stated below in column 4. 



4. 

*roportion by weight of 

solid to water : and 

weight in grams for 

a 12 oz. bottle in 

square brackets. 



. Strong pure. 
•• »» »» 



it 



... 1 : 30 [15 grams]. 

. Strong. 
... 1 : 10 [45 grams]. 



Solid. 

Strong. 

1 : 12 [40 grams]. 

See<(546. 6X 

See (546. 1). 

1 : 12 [40 grams]. 

1 : 100 [5 grams]. 
Solid. 

1 : 12 [40 grams]. 

Solid. 
Solid. 

1 : 12 [40 grams]. 



1:100 [5 grams]. 
See (R46. 2). 
1 : 12 [40 grams]. 
1 : 12 [40 grams]. 
1 : 20 [30 grams]. 
1 : 30 [15 grams]. 



5. 

Bemarks. 

[The numbers in this column refer to those in brackets in 

the second column.] 



17. Must be colourless and form no brown ring when poured 
below some FeS04 solution (247). 

18. Strong rectified methylated spirit, which must leave no 
residue on evaporation, and remain clear on dilution. 

19. The solution should be mixed immediately after preparation 
with several drops of carbolic acid to prevent a vegetable 

growth forming in it : or better still some crystallised H2T 
should be dissolved when wanted. 

20. Dissolve 10 grams of HgT in 100 c.c* of water, divide thia 
solution into equal parts, exactly neutralise ^34) one part by 
heating it nearly to boiling and stirring in solid Na-^COa in 
X)Owder ; add to this the other part, cool and dilute to 150 c.c. 
A few drops of carbolic acid should be added to the solution. 

21. Pieces of freshly-burnt lime are placed on a plate, and 
water is poured upon them until they begin to appear moist 
on their surface ; the superfluous water is then drained off, 
and as soon as the lime has crumbled to powder, it is placed 
in a broad-mouthed stoppered bottle. 

22. The bottle should be closed with a loosely-fitting india- 
rubber stopper, perforated, and with a glass tube passed 
through it and dipping into the solution ; when a drop^ of the 
solution is required, the upper end of the glass tul^ttjMlosed 
by the finger, and a drop is delivered from the opINH/^ end 
by slightly relaxing the pressure of the finger. 

23. The solution must give no precipitate with Sr(N08)2 
solution. 

24. This solution must not darken on adding AmHO. 

25. A little BX must be added to this solution to make it clear. 

26. Solution of KCJy is made (1 : 12) ; it decomposes so readily 
that the solution is best made immediately before use by 
heating a small piece of solid KC!y with distilled water. 

27. A few drops of Br dissolved by well shaking with water. 

28. CJrystals of SnClg should be dissolved by heating them with 
water containing some HCl ; the solution should be kept in 
a well-stoppered bottle containing pieces of granulated or 
block tin. 

29. In strips cut from thin copper-sheet. 

30. In strips or rods, or granulated ; it must be proved to be 
free from As by (181, 182, or 183). 

31. Common knittmg-needles broken into short lengths, and 
kept in a bottle containing pieces of quicklime to prevent 
rusting. 



! 



5 



• cc is the contraction for cubic centimetre. See weights and measures (.')64y. 



2^ 
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GENERAL REAGENTS FOR 



[552. 



552.— Reagents for General Use, 

Refer to note under 



1. 

Reference 
number. 



30*. 

81. 

82. 

83. 

84. 

85. 

86. 

87. 

88. 

89. 

J>0. 

91. 

92. 

93. 
94. 



2. 

Name. 

LThe small numbers in brackets refer to corre- 
sponding numbers in the fifth column.] 



Formula. 



Lime water 

Lead acetate in potash (*2) ... 

Potassium dichromate 

Chlorine water 

Ferric chloride (^^ 

Ferrous sulphate (3*) 

Potassium iodide 

Starch (^) 

Indigo-solution ('«) 

Manganese dioxide (^0 

Potassium dichromate (•*) . 

Ether (methylated) 

Carbon disulphide 

Potassium nitrite (3') 

Nitrogen tetroxide solution . 

Ammonium molybdate (<•) ... 

Calcium fluoride 

Potassium disulphate 

( Microcosmic salt, or . 

( Hydric ammonic sodic phosphate 

Wax, or paraffin 

Calcium chloride 

Potassium chloride 

Marble .... 



|(40a) 



Ca(HO), 

PbAs+KHO 

KgCrjOr • 

Cl-8olution 

FejCl^ . 

FeS04.7H20 

KI 



MnOj 

K2Cr207 . . 

(C2H«)20 

OS, 

KNO, 

N204-8olation . 
(NH4)HMo04 
CaF, . 

K H0 O4 *** ••■ 

NaAiDHF04.4HsO 



CaClx.6HsO (crystalB) 



KCL 
CaOQs 



•• ••« 



{ 



Distilled water (<^) 

Pure sodium hydrate (*2), pure soda 

Fusion mixture (") 

Barium carbonate (*•<) 

Solution of sodium acetate iu dilute acetic acid (<^) 
Sodium nitrate (■»«), solid; .... 
Silica, or finely powdered white sand. (See 54fi, 5.) 
Hydrofluoric acid (*^) ..... 
Zinc sulphate. (See No. 111). 
Calcium carbonate, pure. (See 481.) ... '„ 
Ammonium chloride, pure, in powder. (See 481) 
Barium peroxide, in fine powder 

Alcohol, spgr.o^ ;;■ 

I otassmm femcyanide, solid, in small \ 
pieces (550. 13). t 
l^ad nitrate, in small pieces (554. 137) 



HtO 
NaHO 

NasCQs+KtOOt 
BaOO, 

KftA+Al 

NaNQi 

SiO, 

HF 

ZiiS04.7H^ 

GaOk 

NH4dl 

BaO, 

CsHeO 

KeFejQjra 
PbCNQJi 



Nos. 80-94 are certain special 
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FOE TUB DbTBCTION OP AciD-RADICLES. 
the heading of (551). 



4. 

Proportk n by weight of 

solid to water : and 

weight in grams for a 

12 oz. bottle, in 

square brackets. 



See (545). 

1: 24 [20 grams]. 

See (546. 3). 

1 : 24 [20 grams]. 

SoUd. 

1 : 60 [8 grams]. 

Solid. 

Solid. 
Solid. 



. 1 : 24 [20 grams]. 
See (546, 4). 

In powder. 
. In small pieces. 

In small crystals 

. Solid in pieces. 

1 : 12 [40 grams]. 
. 1: 12 [40 grams]. 
In pieces as lai^e as a pea. 



6. 

iiemarks. 

[The numbers in this column refer to corresponding 
numbers in the second column]. 



32. 



33. 



34. 



35. 



36. 
37. 

38. 
89. 



40. 



To some of the FbAj solution (No. 40) EHO solution is 
added until, on warming, the precipitate at first formed 
is just redissolved : paper dipped into this liquid is a 
very delicate test for HgS (230). 

The solution should not contain any free acid : to re- 
move acid AmHO is added until the further addition 
of a single drop gives a reddish-brown precipitate of 
FeoHeOe in the solution. 

FeS04 solution rapidly oxidises in the 'air, hence the 
FeS04 should be kept in the solid state as small green 
crystals, which should not show a yellow coating in 
any part ; these are dissolved when required by 
crushing and shaking with cold water. 

Starch solution rapidly changes, it is best therefore to 
keep the starch as a powder. Starch solution is made 
by stirring 2 grams of this powder, which has been 
made into a paste with 10 c.c. of cold water, into 100 
c.c. of boiling water and cooling. 

Made by dissolving indigo-carmine in water. 

Should be kept in fine powder ; it must not evolve CI or 
CO2 when warmed with strong H2SO4 . 

In small pieces, or in powder. 

The solution is prone to change, and should be made in 
small quantity only : it must evolve copious red fumes 
when mixed with H2SO4 . 

Make the solution with the following proportions : — 1 
gram of Am2Mo04 is dissolved in 12'5 c.c. of strong 
AmHO which has been previously mixed with an equal 
quantity of water, the solution is allowed to stand (if 
necessary) till clear, then poured off into 50 c.c. of 
strong HNO3 : the liquid will become hot, and should 
be allowed to stand until it is cool before being used. 



40 a. The HNO3 solution of this salt must yield no precipitate with AgNOq. 

41. Must leave no residue on evaporation ; in separate portions no precipitates 

must be caused by BaCl2> AgNOa, or Am2C204, neither must any precipi- 
tate or even dark coloration be produced by addition of Am-^S. 

42. The proportion by weight should be 1 : 10 of water ; it is best kept in green 

glass bottles, as it slowly dissolves Fb from white flint glass. The solution 
must not become dark in colour when mixed witli H2S, nor give a gela- 
tinous precipitate (Al2Hoe) when mixed with exce •■' of AmCl solution. 

43. Dry finely powdered Na2C03 and E2CO3 are intimately mixed in the propor- 

tion of 53 : 69 by weight, and kept in a stoppered bottle. 

44. Pure powdered BaCOa is either purchased, or is made by precipitating BaClo 

solution completely with Am2C08 or Na2C03 solution, and washing the 
precipitate well by decantation. This powder is then mixed with distilled 
water to the consistency of thin cream. 

45. Dissolve 20 grams ofNaAin 60 ccof distilled water, and add to the solution 

40 c.c. of strong HA. 

46. Made by neutralising strong hot NagCOa solution with HNO3 and evaporat- 

ing to dryness. Sold also as Chili saltpetre. 

47. Purchased and kept in gutta-percha bottles. 



reagents entered apart. 
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TEST SOLUTIONS FOR THE 



[553. 



553. Solutions for the 

Each bottle should bear on its label the number, name, and formula of 
tions, containing the powdered solid of each of those substances whose number 
number, and formula of the substance. 



1. 

Reference 
number. 



100. s. 

lOl.s. 

102.8. 

103.8. 

104. 

105. 

106. 

107.8. 

108. 
109.B. 

110.8. 
111.8. 

112.8. 
113.8. 

114. 

115.8. 

116.8. 

117.8. 

118.8. 

119.8. 

120.8. 
120. 

121.8. 

122.8. 

123.8. 

124. 

125. 

126. 



2. 








3. 




Name. 








Formula. 




[The numbers in brackets refer to similarly 






numbered remarks in the last column.] 






Potassium chloride 








KCl 


• 


Ammonium chloride ... 


• •• 


• • • ■ 


■ • • • • 


Amd 


• •t 


Sodium chloride. . 








Naa . 


• 


Magnesium sulphate ... 


• •• 


• •• • 


• • ••• 


MgS04.7H20 ... 


• • • 


Barium chloride . 








BaCl2.2H20 . 


• 


Strontium nitrate 


• •• 


• •• • 


> • ••• 


Si(N0,)2.4H80 


••• 


Calcium chloride 








GaGls.€CHxO 


• 


( Alum, or 

'( Aluminium potassium sulphate 


} •' 


• • ••• 


A1K(S04)2.12H20 


• t* 


Ferric chloride (a)* 


• 


• 




FejClc . 


• 


Ferrous sulphate (**) ... 


• •• 


• • • • 


»• ••• 


FeS04.7H20 ... 


• •• 


Chrome alum, or 

Chromium potassium sulphate 


}• • 




CrE(S04)s.12H.O 


• 


Zinc sulphate 


• •• 


■-•• • 


• • ••• 


ZnS04.7Hs0 ... 


••• 


Manganese chloride (a) 








Mnds . 


• 


Nickel sulphate 


• ■• 


• •• • 


• ■ ••• 


NiS04.7Hs0 ... 


»•• 


Cobalt nitrate . 








Co(NO,)k.6H20 


• 


Mercuric chloride 


• •• 


• ■• • 


>• ••• 


HgClf •«. ... 


• •• 


Lead acetate (*•») . 








FbAa.8H20 


• 


Bismuth nitrate (*») . . . 


• ■• 


• •• • 


■ • ••• 


Bi(N0,),.5H20 


• •• 


Copper sulphate 








CaS04.AH20 . 


• 


Cadmium sulphate (a) ... 


* •• 


• •• • 


>• ••• 


OdS04.4HsO ... 


••• 


Arsenious oxide (a) (*^) 
Solution in dilute HCl 








A82OS • 










• 


Arsenious oxide (a) (*2) 
Solution in water 






















Sodium ar-^enate 








NasHAB04.1SH20 


• 


Antimonious chloride (*3) f 


• •• 


• •• • 


•• ••• 


SbCls ... ... 


••• 


Stannous chloride (**) . 








SiiGls.3HxO .- 


• 


Stannic chloride (**) ... 


• •« 


• •• • 


■ • ••• 


SnCl4 




Silver nitrate 








AgNO, . 


• 


Mercurous nitrate (*«) 


• • • 


• • • • 


• ■ ••• 


HftCNO^H^ 


•— 



* a signifies that the sotid subrtanoe ii 
t Solid Sb,Os or K(SbO)T (Tartar emetk^ 
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[Ieactions op the Metals. 

he substance. Small 4 oz. wide-moutlied bottles sbould be kept near the sola- 
las a small (s) afiSxed to it ; these bottles should also carry on their label the name, 



Weight of solid in 

grams to be dissolved Id 

one " Winchester." 



Proi>ortion by 

weight ot 

solid to 

water. 



100 . 




1 : 26 


200 ... 


••• 


1 : 12 


60 . 




1 ; 50 


50 ... 


• •• 


1 : 50 


25 




1 : 100 


200 ... 


• •« 


1 : 12 


200 (in crystals) 


1 : 12 


200 ... 


• • 


1 : 12 



25 
25 

50 

25 
25 
50 
50 
50 
50 
25 
50 
25 

10 



50 

25 
25 

25 
25 



1 : 100 
1 : 100 

1 : 50 



1 
1 
1 
1 
1 
1 
1 
1 
1 



1 
1 
1 

I 
1 



100 

100 
50 
50 
50 
50 

100 
50 

100 



1 : 250 



50 
100 
100 

100 
100 



6. 

Bemarks. 

(These numbers correspond to the small reference 
numbers in brackets in the second column.] 



48. The solution must be made acid with a little 

H2SO4, and some clean iron nails kept in it, or 
better, a small quantity is freshly prepared 
when required, see No. 62 (662) 

49. A little HA must be added to this solution to 

make it clear. 

60. 25 grams of Bi(N0s)8 must be dissolved by heat- 

ing with 25 c.c. of strong HCl diluted with 25 
of water; this solution is cooled and poured 
into the bottle, and the measure made up by 
pouring in dilute HCl containing one-twentieth 
of its volume of strong BCl. 

61. Dissolve 10 grams of Ae^Os by heating it with 

50 c.c. of strong HCl mixed with 50 c.c. of 
water, and dilute to the Winchester-quart. 
52. Boil excess of As^Oj for several minutes with 
2000 cc. of water, and filter into the quart- 
bottle, t 

63. 28 grains of crystallised SbCla are dissolved in 

25 c.c. of strong ^C1 mixed with 25 cc. of 
water, and diluted to the quai*tt with HCl 
mixed with four times its measui'e of water. 

64. Boll 25 grams of SnClj with 50 c.c of strong 

HCl mixed with 50 c.c. of water, as soon as it 
has dissolved to a clear solution dilute to the 
quartt. Scraps of Sn must be kept in the 
bottle. 

55. Heat 25 grams of SnClj with 25 c.c. of strong 
HCl and 100 cc. of water ; whilst constantly 
stirring, add ECIO3 to the hot solution until 
the liquid turns yellow and CI is smelt, boil 
off the CI and dilute to the quartt. 

66. Dissolve by warming 25 grams of Hg2(N08)2 
with 6 cc of strong HNOs diluted with 114 
cc. of water, then pour water into this solu- 
tion until it is diluted to a quarts Keep Hg 
in the bottom of the bottle. 



not in the crystalline condition. 

may be used for the blowpipe reaction. 



Winchester-quart, 
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TEST SOLUTIONS FOR THE 



[554. 



554. Solutions fob thb 

Refer to the note at the head of the preceding Table, which is also 
amongst the reagents (550-552) and the solutions for the reactions of 



1. 


2. 






8. 


Reference 


Name. 








Number. 


[The small numbers in brackets refer to the corre- 


Formula. 




sjionding numbers in the sixth col 


umn.] 




130. 


Sodium sulphate . . 


• 


• • 


Na2SO4.l0H2O . 


131.8. ... 


( Sodium carbonate (*0 

( Marble (calcium carbonate) (*0 


• •• 


••• ••• 


NaHCO, 


ff 


• 9^ 


CaCO, 


132.8. . 


J Ferrous sulphide i^") 

( Ammonium sulphide (**) 


••• 


•«• ••• 


FeS 


• 


• • 


AmgS 


133.8. ... 


Acid sodium sulphite ... „, 


• ■• 


••« ••• 




134. 


Sodium thiosulphate . 


• 


• 


NatSzOfSHsO . 


135. ... 


Sodium hypochlorite (*•) 


••• 


••• ••• 


NagClsO 


136.8. . 


Potassium nitrite (a) . 


• 


• • 


KNOj . 


137.8. ... 


Potassium nitrate 


••• 


••• ••• 


KNOa 


138.8. . 


Potassium chlorate 


• 


• • 


KCaOa • 


139.8, ... 


Sodium chloride («•) ... 


• •■ 


••• ••■ 


Aaiyl ••• ••• ... 


140.8. . 


Sodium bromide 


• 


• • 


NaBr . 


141.8. ... 


Potassium iodide 


• •• 


••• ••• 


Jdlx ••• ••• ••• 


142. 


Sodium phosphate 


• 


• • 


NasllP0|.1«H,0 


143 


Sodium arsenate («>) 


««• 


•»• •■• 


Na2HAR04.12H,O ... 


144.8. . 


Borax («2) .... 


• 


• • 


Na2B4O7.10H2O 


145. ... 


Potassium bichromate 


••« 


••• ••• 


KjGFjOy •■• •.. 


146 B 


Sodium silicate («3) 
, Silica (white sand) 


• 


• • 


NaaSiOs 


A7vr>0* • 


• •• 


••• ••• 


SiO, 


147.8. ... 


Fluor-spar (calcium fluoride) . 


• 


• • 


v^tt£<2 ••• ••• ••• 


148. 


Hydrofluosilicic acid («<) 


••• 


••• « •• 


HsSiFc 


149.8. ... 


Potassium cyanide (^) 


• 


• • 


KCy 


150. 


Potassium ferrocyanide 


■ ■• 


••• ••• 


KiFeOy^-SHtO 


151. ... 


•Potassium ferricyanide 


• 


• • 


K^FejQyu 


152. 


Potassium sulphocyanide 


• •• 


••• ••• 


KGyo ••• ••• ... 


153.8. ... 


Ammonium oxalate ("®) 


• 


• 


Am2G204.2H^ 


154.8. 


Tartaric acid (^O 

. Sodium tartrate (*^ 


• •■ 


•■• •■• 


aI^X ••• ••• ••• 


A4^^*0a • 


• 


• • 


Na^.2HsO 


155.8. ... 


Sodium acetate (•*) 


• ■• 


••• ••• 


NaA.8HsO 1 

1 



Sec No. 13 (550). 
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BAOTIONS OF THE AoID-BaDIGLBS. 



iplicable to this. Many of the solutions in this list are already piepared 
etals (553). 



eight of solid in grams 
to be dissolved in one 
Winchester-quart. 



26 



100 
100 

100 
100 
50 
60 
60 
12 
60 
60 

26 



In fine powder. 

60 ^ . 
••• tSi ... 

25 

••• m) ••• 

. 100 



Proportion by 

weight of 
solid to water. 



1 : 100 



1 a 


25 


& 4 


. 25 




25 




26 




60 




: 50 




60 




: 200 




: 50 




: 60 



1 
1 
I 
1 
1 
1 



100 



50 

100 

100 

100 

25 

10 



e. 1 

Bemarks. 

fThe nnmbers correspond to the small reference 
numbers in brackets in the second column.] 



67. The NaHCOs is required only in the solid 

form, and can be token from the reasent 
bottle on the working bench. No. 18 (660). 
The marble is kept in small pieces as 
large asapea ; it is found in reagent bottle 
No. 79 (562). 

68. The FeS is kept as a solid in small pieces as 

laige as a pea. 

The AmgS can be taken from reagent 
bottle No. 7, on the working bench. 
60. Strong " Liquor Sodse ChlorinatsB," diluted 
with an equal measure of wator. 

60. No. 102, paragraph (658). 

61. No. 121, paragraph (553). 

62. No. 19, paragrapn (550). 

63. Tbo solution is made by dissolving 100 

grams of the thick syrup, sold as " soluble 
glass," in water, and dilating to the Win- 
chester-quart. The solid substance to be 
used is sand finely ground. 

64. No. 36, paragraph (661). 

65. No. 42, paragraph (661). The solution de- 

composes by keepmg, a little solid is dis- 
solved when required. 

66. No. 9, paragraph (RKn>. 

67. No. 30, paragraph (551). 

68. 123 grams of H2T are dissolved by heat in 

600 c.c. of water, the hot solution is 
exactly neutraUsea with solid NasCOs, and 
then diluted to a Winchester-quart. 

69. A little of the solid substance (see No. 41, 
(551). is dissolved, when required, in water. 
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OTHER CHEMICALS AND REAGENTS. 



555. 



656. THE RARER ELEMENTS (489), AND ORGANIC SUBSTANCES (504). 
Ouly those substances are entered here which do not occur in the preceding lists. 



I. Inorganic Test Substances. 



Thallium sulphate, . 

Sodium tungstate, . . 

Palladium chloride, . 
Ammonium molybdate, 

Iron selenide, . . . 

Potassium selenate, . 

Lead telluride, . . . 

Potassium tellurate, . 

Uranium nitrate, . . 
Indium sulphate, . 

Beryllium sulphate, . 

Titanium oxide, . . . 

Sodium vanadate, . . 

Lithium chloride, . . 

Rubidium chloride, . 

Csesium chloride, . . 



. TI2SO4 

. NaoWO^ 

. PdClg 

. Am2Mo04 

. FeSe 

. K.>Se04 

. PbTe 

. K2Te04 I 

. V02(N03)2 j 

In2(S04)3.9H20 I 

. Be,(S04), 

. TiOg 

. NaVOs 

. LiCl 

, Rb(n 

. Csa 



I Reagents. 

1 Mercuric cyanide solu- 

i tion HgCy2 

Potassium bicarbonate, 
solution, KHCO3 

Tin, granulated, . . . Sn 

Hydrogen i>eroxide,dilute 
acid solution H2O2 

Calcium sulphate, in fine 
powder, CaS04 



n. Organic Test Substances. 

Sodium formate, NaH(X)2 

Sodium citrate, Na,C«H407.2H20 

Ammonium succinate,. . . Am2C4H404 
Ammonium benzoate, . . . AmCrH^Os 

Tannic acid, Ci4UioO» 

Gallic acid, CyHeOj 

Ammonium urate, .... AmC^3N403 

Salicylic acid, C7H«0s 

Meconic acid, C7H4O7.3H2O 

Malic acid, C4H«04 

Hippuric acid, C9H9NO3 

Ciuchonine sulphate, . . . C19H22N2O.H2SO4 

Quinine sulphate, C20H34N2O2.H9SO4 

Morphine hydrochlorate, . . C17H19NOS.HCI 

Strychnine, C21H2SN2O2 

Narcotine, C22H23N07 

Brucine, (hi^x^t'^* 

Ethyl alcohol, CsHeO 

Starch powder, (CeHioOfi)ii 

Glucose, CeHisQs 

Cane sugar, C12H2SO11 

Glycerol, CsHgOs 

Chloroform, CHCls 

Chloral hydrate, CsHClsO.HxO 

Phenol, C«HcO 

Aniline, C!^,N 

Urea, CH4K^ 

Albumen, White of egg 

Reagknts. 

Mercuric nitrate, neutral 
solution, Hg(NQt)s 

Crelatin, isinglass, .... 

Quicklime, in powder, . . . CaO 

Potassium bicarbonate, solu- 
tion, KHCO9 

Iodic acid, solution (1 : 15), . HIO« 

Iodine, in small fragments, . 

Yeast, from a brewer, . . . 

Methylic alcohol, .... C!H40 

Rochelle salt, KNaf .4HsO 

Rosaniline, 
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556. Chemicals required for Section II. 

In the following list those substances which are used for Section II. 
only are marked by letters of the alphabet. The bottles containing 
these substances should be arranged apart in alphabetical order. 
Against others a number is placed ; this indicates that the substance 
is used for analytical purposes, and will therefore be found, together 
with any necessary descriptive remarks, in one of the preceding lists 
(550-554). 



Keference. 


Name. 


Formula. 


Remarks. 


A 


Mercuric oxide . . . 


1 HgO 

1 


The orange-coloured precipitated 
oxide is best. 


! 20. 
B. 


Potassium chlorate 
Manganese dioxide 


KClOo 




Mn02 


Commercial oxide in powder. 


1 ^^ 


Wood charcoal . . . 


! c 


In pieces as large as a hazel-nut. 


57. 


Lime water . . . . 


Ca(H0)2 




D. 


Sulphur 


S 


Pieces of roll sulphur as large as a 


i 

21. 


/ Litmus and tui'meric 1 
\ papers . . . .j 




pea. 




59. 


Potassium dichromate 


KaCrgOj 


Solution. 


E. 


Phosphorus . . . . 


P 


Pieces as large as half a pea, kept 
in a stoppered bottle under 
water. 


F. 


Granulated zinc . . 


Zn 


Not necessarily pure. 


26. 


Hydrochloric acid . . 


HCl 


Strong, pure. 


G. 


Calcium chloride . . 


CaCla 


Fused solid, in small pieces. 


79. 


Marble 


CaCOg 


In small pieces. 


I. 


Hydrochloric acid . . 


HCl 


Strong, commercial. 


J 


Litmiifl Rnliifcion 


___ 




K. 


Copper 


Cu 


Tui-nings, clippings, or filings. 


L. 


Nitric acid . . . - 


HNO3 


Strong, commercial. 


63. 


Potassium iodide . . 


KI 


Solution. 


84 


Starch powder . . . 
Ferrous sulphide . . 






1328. 


FeS 


Small pieces. 


116. 


Lead acetate .... 


PbAa 


See also 58. 


M. 


Ammonium chloride . 


NH4CI 


Solid, commercial. 


32 


Slsikpii limp 


Ca(H0)2 
NH4OH 






/ Strong ammonia \ 
\ solution . . . / 


Liquor ammoniac fortissima. 


0. 


Oxalic acid .... 


H2C2O4.2H2O 
H2SO4 


Solid, in crystals. 


P. 


Sulphuric acid . . . 


Strong, commercial. 


Q. 


Sodium hydrate . . 


NaHO 


Strong solution in water. 


R. 


Mai^ranese dioxide . 


MnOg 


In small pieces. 


S. 


Oil of turpentine . . 


1 






T. 


Dutch metal .... 




Leaf from a small book. 


U. 


"Turkey red" . . . 


— 


In strips. 


V. 


Sodium chloride . . 


NaCl 


In pieces as large as a hazel-nut 
broken from a lump of rock salt. 


3. 


Nitric acid .... 


HNO3 


i 


48. 


Silver nitrate . . . 


AgNOs 

NH4NO3 

C2H6O 


i 


W. 


Ammonium nitrate 


Solid, in small pieces. 1 


92. 


Alcohol 


Sp. grav. 0*83. 


43. 


Bromine water . . . 


Br 




X. 


Soda-lime 


— 


Pieces size of millet seed. 


41 


Sodium acetate . . . 


NaA.3H20 


Crystallised. 


6. 


Ammonium hydrate . 


NH4HO 


Solution. 


9. 


Ammoninm oxalate . 


B&CU 


I) 


37. 


Barium chloride . . 


}, 


7. 


Ammonium sulphide . 


(NH4)2S 


It 


39. , 

1 


Potassium nitrate . . 


KNO3 


Solid. 
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657. ChemicaIjS required for Section III. 

With few exceptions*, these substances are required either 
for analytical purposes, and are tabulated in paragraphs 
(550-554), where they may be found by the number placed 
in the first column ; or they are already entered on the list 
of substances required for experiments on the gases (556), 
where they may be found by the reference letter in the first 
column. A letter (s) afl&xed to the number of reference 
indicates that the substance is required in the solid con- 
dition, see note at heading of (553). 



Number or 






letter of 


Name. 


Fonnula. 


reference. 






39. 


Potassium nitrate . 


KNO3. 


118.S. 


Copper sulphate . 






Cu804.6H,0 . 


79. 


Marble 






CaCO, . 


2. 


Hydrochloric acid 






HCl. 


45. 


Copper 






Cu. 


3. 


Nitric acid . 






HNO3. 


17. 


Barium chloride . 






BaCl,.2H,0 . 

Am. CO.. 

In sneet, or cut. 


8. 


Ammonium carbonate 








Filter paper 






1. 


Sulphuric acid 






HjSO^. 


A. 


Mercuric oxide 






HgO. 


M. 


Ammonium chloride 






NH4CI. 


100. s. 


Potassium chloride 






KCl. 


18. 


Sodium carbonate 






NajCOs. 


B. 


Manganese dioxide 






MnO,. 
Na.B40,. 
FeS04.7H,0 . 


19. 


Borax 






62. S. 


Ferrous sulphate . 






102. 


Sodium chloride . 
Wood charcoal 






NaCl. 
C. 


116.S. 


Lead acetate 






PbX,.8H-0. 
CuS04.6H.O . 
NH4HO. 


118. S. 


Copper sulphate . 






6. 


Ammonium hydrate 






21. 


jLitmus paper 
(Turmeric paper 
















Zinc oxide . 


ZdO. 



The exceptions are filter paper (531), wood charcoal (533), and zinc oxide. 
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SUBSTANCES TO BE GIVEN FOR ANALYSIS BY 
THE PRECEDING TABLES. 

It tajut be tinderetood tbat the mbaUucea mentioiied below are 
ineraly brought forward u eiainplM ot what nuj be given to the 
itadent for analyau. The teacher will me hii own judgment in 
•doptiDg and eiteoding the list. 



sltbstancbs for analysis wbilr trtino throuoh tbb 
Reactioks for Metals and Acid-badiclbs. 

S58. After working through the reactionB for a group 
of metals or cicid-radicles, a few unknown substances con- 
taining only ow member of the group are tested : the 
number of members present is gradually increased in those 
subsequently given. It is well to keep these subetaiicea 
in the dissolved state (B53, 554), since they are intended 
mainly to afford practice in separation and detection accord- 
ing to the group-tables; the time spent by the student 
in preparing the solution would therefore be wasted. Ooca- 
sioually, however, a solid substance may be given, in which 
the metal or acid-radicle present is to be detected by blow- 
pipe tests or by other testa made on the solid substance. 
The following will serve as examples; — 



Or«ipr. 


Grmji ly. 


Orouv Ill.b- 


Solatlon ot Nna 


■ *+'c«'''tf]5?o 




, NbCI+KCI 


:: " Nfao:.7H,0 










■ -'etSC 


„ MaCt+im.Cl 


Sr(N0jW.4)£,0 


- -"OK* 


. ...tsaj"-" 


-...»l"-° 
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SOME EXAMPLES OF 



[559. 



Substances for Analysis by the directions contained in 

Section V. 

559. Any one of the solutions named in paragraphs (553, 
654) may be given for analysis by Section V., some of them 
being neutral, some acid, and others alkaline in reaction. 
The following more difl&cult solutions with acid or alkaline 
reaction may also be added to the list : — 



Acid, 


AlkaUne, 


Ca3(P04)2, "Bone-ash" dissolved in 

dilute HCl. 
BaC204 dissolved in dilute HCI . 
Mg(B02)2* „ „ Ha. 
BaCr04 „ „ HCl. 


KSbOs dissolved in water. 
MasSiOs, solution of ** soluble class." 
Ni^nOs, "preparing salt** of tite dyer. 



Any of the solid salts which were dissolved in order to 
prepare the solutions in paragraphs (553, 554) may be given 
for analysis as solid substances by (331 et seq,). 

As examples of substances possessing metallic appearance 
(366), the following may be mentioned as suitable for 
analysis : — 



i^n, in pieces or filiDgs. 
FeSg, Iron Pyrites. 


NiAs, KupfemickeL 
Graphite, or Black lead. 

Iron filings. 



As insoluble substances which require to be examined by 
(367 et seq.) the following may be given for analysis : — 



in)S04 . 

AgCl . 

SnO^, Tinstone. 



CaFg, Fluor spar. 
FeCrjj04, Chrome Iron Ore. 
S, ns pieces of roU sulphur. 
C, as powdered wood charcoal op plum 
bago. 



* Made by mixing hot solutions of Na2B407 and Mg(NOs),. 
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Solid Substances to be analysed by the Preliminary 
Examination in Section VI. 

660. For the Preliminary Examination for Metals (385): — 



Simple. 


Complex, 


NH4a 

HgCl, 
AsoOa 
KlJO, 
Cr,0, 


BaClo.2H20 
Sr(NO"8)2.4H20 
C11RO4.6H0O 
(See note.) 


ZnS04.7H20 

MnClo 

Co(NO,)2.6H20 

N1SO4.7H2O 

SnOj 


Ama+Naa 

HgCU+BaClg-^WjO 

MnClg+KCl 

NiS04.7H.O+ 
Zna04.7H20 


A1K(S04)2.1«H0 

Snq2+Sr(N03)8.4H20 

Ca(50,+ZnSO4.7H2O 

Cr208+MnCl2+ 
NaCl 



Note, — Best finely powdered, since its colour is then almost 
destroyed. 

For the Preliminary Examination for Acid-radicles (410) : — 



Simple. 


Complex. 


CaCOg 

Na2S03.7H20 
C5aCloO 
NaCf 


FeS 
KNO, 
KClOt 
EI 


NasSsOj.SHsO 
KBr 

NaA 


CaCOs+ENO, 
CaQ^O+CaFj 
NagCOa+KI 



A few of the above mentioned solids may then be ex- 
amined by both Preliminary Examinations for both Metals 
and Acid radicles. 



Substances to be analysed by the General Course in 

Section VI. 

561. The following lists are so arranged that the analysis 
of the substances contained in them is more difficult in each 
column proceeding from left to right, and usually in pro- 
ceeding in one and the same column from top to bottom. 
For examples of alkaline solutions, see (559). 
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561. Substances for Analysis by thb General Coursb. 



1. 


2. 


8. 


Simple soluble 
substances. 


Complex soluble substances. 


Complex soluble 
Bubstanoes. 


BaCl2.2H20 


Caa2.6H20+Baa2-2H20+Sr(N0,)2.4H20 


CFejCle 


J>InCl2 


AlK(S04)2.12H20+CrK(S04)2.12H20 


J Mnds 

) ZnS04.7H«0 


HgCl2 


MnCl2+ZnS04.7H20+CuS04.6HgO 


(kci* ^^ 


MgS04.7H20. 


Pb(N03)2+HgCl2+Naa 


1^^04)2 12H,0 
lCo^O«),.fiH,0 


KCl 


♦A8208+CaCOj+BaCC), 


NiS04.7H20 


♦ZnO+MgCOa+KClO, 


•CaCOj 
Pb(N03)2 


*MgCO,+BaCO,+PbCOa 

&C.,&0. 


(Bi(N^6H,0. 


•As^Oj 




Te.,Cle 




^to.,fte. 


NH4CI 






NaCl 






&C,f &0, 







4. 
Substances yielding a 
Phosphate precipitate 
in Group III. 


6. 

Substances partly or 
entirely insoluble. 


MetaUie whttanoet (4ffJ 9t Mg.) 
Iron pyrites^'bSs) 
Iron filings (Fe) 
Zinc clippings (Zn) 
Brass fllinffs (Cu+Zn) 
German silyer (Ca+oi+Ni) 
Bronze (Cu+Sn> 
Type-metal (Sb+Sn+Fb) 


( CaClg-CBaO 
< FegClg 
(Na2HP04.12H20 

/ BaCl2.2H20 

] FegClg 
Na2HP04.12H20 

/Co(N03>,.6H20 
CaCla.eHaO 

•< MnClg 
CrK(S04)2.12H20 
^Na2HP04.12H20 

&Q,t &C. 


BaS04 

SiOj+S 

BaS04+CaF2+Sn02 

( Baa2.2H20 

\ AlK(S04>^.12fl20 

lAgNO, 

(SiO, 

• S 

(c 

PbS04+BaS04 
PbCr04, ignited. 


Silicates (480)— 
Fire-clay (AUVSSiO.) 
Brown-clay (do. -hVe) 
Window-glass (Na, Ca, SiOt) 
Flint-glaa8(Pb,K,SiOs) 


Cyanogen Compounds (482)— 
Any of the foregoing widch 
has been mixed with KC^, 
KCyS, K4FeCy«.8H,0, 
K«Fe,Qyi„ K;Oo»Qyi, 



* To be given in the aolid state. 
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562. LIST OF CHEMICAL ELEMENTS, WITH THEIR 
SYMBOLS AND ATOMIC WEIGHTS. 

The words in brackets are the Latin names of the elements from 
which the symbols have been derived. 



Name. 


SymboL 


Atomic 
Weight. 


Kamei 


SymboL 


Atomic 
Weight. 


Alnminiiun . 


Al 


27-6 


Molybdenom . 


Mo 


96 


Antimony (stibium) 


Sb 


133 


Nickel . ' . 


Ni 


59 


Arsenicum 


As 


75 


Niobium 


Nb 


94 


Barinm 


Ba 


187. 


Nitrogen 


N 


14 


Bismuth • 


Bi 


310 


Osmium 


0« 


199 


Boron . • . 


B 


11 


Oxygen 





16 


Bromine 


Br 


80 


Palladium . 


Pd 


106 


Cadmium 


Cd 


112 


Phosphoi-ng . 


P 


81 


Caesium • 


Cs 


133 


Platinum 


Pt 


197 


Calcium 


Ca 


40 


Potassium (kalinm) 


K 


89 


Carbon . 


C 


12 


Rhodium 


Ro 


104 


Cerium . • 


Ce 


93 


Rubidtum 


Rb 


85 


Chlorine 


CI 


85-5 


Ruthenium . 


Ru 


104 


Chromium 


Cr 


02 -6 


Selenium 


Se 


79-5 


Cobalt , 


Co 


59 


SUicon . 


Si 


28 


Copper (cupnim) . 


Cu 


635 


Silver (argentum) . 


Ag 


108 


Didymium . 


D 


96 


Sodium (natrium) . 


Na 


23 


Erbium . 


£ 


112 


Strontium 


Sr 


87-6 


Fluorine 


F 


19 


Sulphur 


S 


82 


Glucinum 


G 


9-6 


Tantalum 


Ta 


182 


Grold (aumm) 


Au 


197 


Tellurium 


Te 


129 


Hydrogen 


H 


1 


Thallium 


11 


204 


Indium . 


In 


118-4 


Thorinnm 


Th 


288 


Iodine . 


1 


127 


Tin (stannnm) 


Sn 


118 


Iridium 


Ir 


197 


Titanium 


Ti 


50 


Iron (fermm) 


Fe 


56 


Tungsten (wolf ra- ) 
mium) . ) 


W 


184 


LAnthanum . 


La 


92 


A\7T 


Lead (plumbum) 


Pb 


207 


Uranium 


U 


120 


Lithium 


L 


7 


Vanadium 


V 


51 


Magnesium . 


Mg 


24 


Yttrium 


Y 


62 


Manganese . 


Mn 


55 


Zinc 


Zn 


65 


Mercury (hydiai*- 
gyrum) 


Hg 


200 


Zirconium 


Zr 


89 



563. THERMOMETRIC SCALES. 

There are two different thermometric scales in use in this country, 
the Centigrade and Fahrenheit ; the former of these is rapidly be- 
coming universal for scientific purposes. The two scales are mutu- 
ally convertible by the following formulae, in which F.** represents a 
temperature on the Fahrenheit scale, C." a temperature on the Centi- 
grade scale : — 

4(C.° - 32) - F.°\ 
I F.° + 32 = C.**/ 

The temperatures occasionally referred to in this treatise are given 
on the Centigrade scale. 
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FRENCH AND ENGLISH 
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WEIGHTS AND MEASURES. 

564. The corresponding values of the French and English weights 
and measures are here given. The use of the French or decimal system 
is strongly recommended by its extreme simplicity; since the smaller 
denominations are obtained by taking a tenth, hnndredth, thousandth, 
&c., of the unit chosen. They are designated by the Latin prefixes 
deci-, centi-, milli-, kc. ; while the higher denominations are 10 times, 
100 times, 1000, ke. times the unit, and are named by the Greek pre- 
fixes deca-, hecto-, kilo-, kc. Examples of this will be found in the 
tables given below. 

The starting-point of the French system is the "metre" ( = 39*37 
inches); this is the " unit of length." The "unit of measure " is the 
"litre," which is one cubic decimetre. The "unit of weight" is the 
gramme, which is the weight of 1 cubic centimetre of distilled water 
at 4° C. 

The chief conveniences arising from the use of this system are : — 

1st. That all the different denominations can be written as one; 
since they are either multiples by ten, or are decimal fractions, of the 
unit. Thus 5 decagrammes, 3 grammes, 4 decigrammes, 8 milli- 
grammes would be written 53*408 grammes. 

2nd. That since 1 cubic centimetre of water at 4° C. weighs 1 gramme, 
we may obtain the tceight of water to be used from the measure 
by simply converting the measure into cubic centimetres ; the number 
thus obtained will represent at once the corresponding weight of water 
in grammes. Of course this conversion is strictly accurate only when 
the water is measured at 4** C. But for ordinary purposes the error in- 
troduced, when the water is at the temperature of the air, is too small 
to be of any importance in the preparation of solutions. 

The weights and measures most frequently used for chemical par- 
poses are the gramme, the millimetre (m.m.), the litre, and the cubic 
centimetre (c.c.) which is y^JVir o^* Mire, 



ENGLISH WEIGHTS AND MEASURES. 



Apothecaries Wright. 

lb. oz. drms. scruples, grains. 

1 = 12 = 96 = 288 = 5760 

1 = 8 = 24 = 480 

1 = 3 = 60 

1 = 20 



AVOIRDUPOIS WEIGHT. 

lb. OZ. drms. grains. 
1 = 16 = 266 = 7000 

1 = 16 = 487*6 ■ 

1 = sr-sis 



gallon. 
1 



Imperial Measure. 

pints. fluid oz. 

8 = 160 = 
1 = 20 = 
1 = 



fluid drms. 
1280 
160 
8 



gallon = 70,000 grains of water at ld*7* C. 

fluid ounce = ^ pint = 437-6 „ „ „ 

1 gallon = 277*280 cubic inches. 

1 fluid ounce = 1*733 



» 
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FRENCH WEIGHTS AND MEASURES. 



MEASURES OF LENGTH. 


ENGLISH. 


metre. i inches. 


mile, furlong, yards, feet, inches. 


Millimetre = 0001 = 


•03987 = 


•03987 


Centimetre = 0-01 = 


•89371 = 


•89871 


Decimetre = 


©•1 = 


898708 = 


. 8-9871 


IMetre = 


10 = 


89 37079 = 


8 8871 


Decametre s 


10 = 


39370790 = 


10 2 97 


Hectometre = 


100-0 = 


8987^07900 = 


109 11 


Kilometre = 


1000-0 = 


89370^79000 = 


4 218 4 10-2 


Myriometre = 


10000-0 = 


398707-90000 = 


6 1 156 6 



1 inch = ^0264 metre. 
1 foot = •8048 „ 



MEASURES OF CAPACITY. 
1 litre = 1 cubic decimetre. 







Utre. 


cubic inches. 


pints. 


/Millilitre, or 

\ Cubic centimetre (c.< 


=.)}: 


•001 


•06108 


0-00176 


Centilitre 




•01 


•61027 


0-01761 


Decilitre 


7"^ 


•1 


= 6-1027 


0^17608 


Litre 


^U 


1^0 


61027 


1-76077 


Decalitre 


~~ 


10-0 


= 610-27 


1760773 


Hectolitre 


m 


1000 


= 6102-7 


= 176^07784 


Ejlolitre 


~~ 


1000-0 


= 61027^0 


= 1760-77841 


Myriolitre 


= 


10000-0 


=610270-0 


= 17607-78414 



1 cubic inch = *01639 litre. 
1 cubic foot = 28-81631 litres 
IgaUon = 4-64336 „ 



1 gramme = 


the weight of ] 




grammes. 


Milligramme 


•001 


Centigramme 


-01 


Decigramme 


-1 


Gramme * 


10 


Decagramme 


10-0 


Hectogramme 


100-0 


Kilogramme 


= 1000-0 


Myriogramme 


= 10000-0 



MEASURES OF WEIGHT. 
the weight of 1 cubic centimetre (c.c.) of water at 4" C. 



grains. 


Avoirdupois. 


001543 




016432 




1-64323 




15-43235 


lbs. oz. drnis 


164-32349 


= 5-65 


1643-23488 


= 3 8-5 


16432-34880 


= 235 


164323-48800 


= 22 1 2 



1 grain 

1 oz. (Troy) 

1 lb. (Avoirdupois) 



0-0649 gramme. 
31-1036 grammes. 
463-593 



}} 



* It is perhaps better to adopt the French si)elling gramme^ than to curtail to 
gram, since the shorter word might be mistaken for grair^ and lead to serious 
error. 
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A BBREVIATED fomulie and worJi . 






81 


■"■ Acetates, reactiona o£ , . . 


. 186 


Acetic acid „ „ . 


, lee 


Acid, teat tor 


BO 


Acid-radicles, detection of, in simple sulistutecs 


200, 207 


„ ,, detection of, in complei snbatanceB 


2i3, 266 


,, „ renctioo!! of 


Hi 


„ ,, special tests for 








270 


Acids, remoTal from clothes 








37 


Albumen, resbtiocs of . 








SSB 


Alcohol, reactions of . 








82G 


Alkaline reaction 








60 


Alloys, analysis of 








882 


AluininiuiD, reactions of 








lOO 










» 


„ ,, properties of 








u 


„ tests tor V 








S6, Be 










8S 


Analysis of a simple liquid 








1*8 


„ „ a simple solid 








191 


„ „ a complex liquid 








7SS 


„ „ a complex solid 








SU 


„ au ulkatiue liquid . 




202, 2« 


„ „ cyanogen compounds 




. 2S4 


,, „ insoluble snbstsncoB 




217. 887 


,, metaliicsubatauces 




2ie, 982 


„ ,, silicatea 




SIG, 392 


aubstanc-og for 




. 379 


Analytical classification and groui» 




77, IBO 


,, reactiona, introductory 




. 78 


,, reactirttis for the meUts 




Sa, 30G 


for the aeid-radiclos 




lit, 318 


for alkaloids 




322 


for other organic flutp3linL:e 






S2G 


Aniline, reacti(,us of . 






328 


Antimony, reacttocs of . 






1S2 


Apparatus, cleaning 




10 


list of students" 








Ti,a3s 
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INDEX. 



Apparatus, list of general 

,, list for Section II. . 

Arsenates, reactions of . 

Arsenic, reactions of . 

Arsenic group, separation and detection of 
table of differences 
table for analysis 

Atomic weights, list of . 



)) 



it 



if 



'DARIUM, reactions of . 
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